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OBJECTIVE Recalculate the risk value, previously computed by RADTRAN 4, for exposures
other than the uniform default values used in each of the alternatives. The uniform default
values did not take into consideration the varying amounts of waste (curie [Ci]) transported per
trip.

METHODOLOGY Recalculate the HLW transportation risk, from the Hanford Site to the
geologic repository, to the worker and public based on the waste loading per trip as well as the
total number of trips.

The first calculation of risk for the worker and public, and corresponding trips are listed in the
following table.

Table 1 - Calculation of Risk with Original Number of Trips

Alternative Number of Trips Risk

Worker Public

Ex Situ No Sepations 2140 2.38 0.143
(Vitrification)

Ex Situ No Separations (Calcination) 1030 1.18 0.706

Ex Situ Intermediate 25 0.298 0.0181

A change in the waste loading was requested (SUGGEST A REFERENCE HERE) and is
being incorporated in the EIS. In this change, the inventory of waste (total curie of waste) is
the same but more trips are involved. The numbers of trips have been changed to 14,700 for
Ex Situ No Separations Vitrification and 4150 for the Ex Situ No Separations Calcination
alternatives, and 30 for the Ex Situ Intermediate Separations alternative.

The RADTRAN 4 model was used for the trip number and the resultant risks were 25.7, 4.76,
and 1.46 for the worker; and 1.54, 0.285, and 0.0878 for the public for Ex Situ No
Separations Vitrification, Ex Situ No Separations Calcination and Ex Situ Intermediate
Separations alternatives, respectively.

The second calculation of risk for the worker and public, and the increased number of trips are
listed in the following table.

h:usersItcrowit-calrv.wpd



Table 2 - Calculation of Risk with Increased Trips

Alternative Number of Trips Risk

Worker Public

Ex Situ No Separations (Vitrification) 14700 25.7 1.54

Ex Situ No Separations (Calcination) 4150 4.76 0.285

Ex Situ Intermediate 30 1.46 0.0878
Note: Risk was calculated based on the number of trips without consideration of the waste loading per trip.

Table 3 - Variance between Calculation of Risk with Original and Increased Trips

Alternative Worker Pop LCF Public LCF Worker - Difference Public - Difference
(Previous LCF) (Previous LCF )

No Separations(Vitrification) 25.7 (2.38) 1.54 (0.143) + 23.32 + 1.397

No Separations (Calcination) 4.76 (1.18) 0.285 (0.706) + 3.58 - 0.421

Ex Situ Intermediate 1.46 (0.298) 0.0878 (0.0181) + 1.162 + 0.0697
Separations with Cs, Sr

Ex Situ Intermediate 1.46 (0.298) 0.0878 (0.0181) + 1.162 + 0.0697
Separations without Cs, Sr

The increase in the number of fatalities calculated in the preceding table was due to the
increase in the number of trips without a corresponding adjustment in the default value being
made for the content of the shipments. The same curies (Ci) of waste are transported under
both cases, but the case with more trips will have less exposure per trip because of dilution of
the waste with more glass materials. For example:

1) If a total of 100 curies is transported in 5 trips, the content of the shipment would be
100/5 = 20 curies per shipment;

2) If a total of 100 curies is transported in 10 trips, the content of the shipment would be
100/10 = 10 curies per shipment.

Assuming that the exposure from 20 curies per shipment and the exposure from 10 curies per
shipment to be the same is not technically correct.

The risk result of the second case changes with the higher number of trips, and is reduced by
the ratio of the number of trips as follows:

Ex Situ No Separation Vitrification
Worker 25.7 LCFs x 2140/14700 = 25.7 x (0.1456) = 3.74 LCFs
Public 1.54 LCFs x 2140/14700 = 1.54 x (0.1456) = 0.224 LCFs

Ex Situ No Separation Calcination
Worker 4.76 LCFs x 1030/4150 = 4.76 x (0.248) = 1.18 LCFs
Public 0.285 LCFs x 1030/4150 = 0.285 x (0.248) = 0.07 LCFs
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Ex Situ Intermediate Separations
Worker 1.46 LCFs x 25/30 = 1.46 x (0.83) = 1.21 LCFs
Public 0.0878 LCFs x 25/30 = 0.088 x (0.83) = 0.073 LCFs

Table 4 - Calculation of Risk with Adjusted Ratio

Alternative Adjusted Ratio Adjusted Risk - Risk from Table 2 x Adjusted Ratio
Original # Trips /
Increased Trips Worker Public

Ex Situ No Separations (Vitrification) 2140/14700 = 0.1456 3.74 0.224

Ex Sitm No Separations (Calcination) 1030/4150 = 0.248 1.18 0.07

Ex Situ Intennediate 25/30 = 0.83 1.21 0.073
Note: Risk was calculated based on the number of trips with consideration of the waste loading per trip.

Table 5 - Variance between Calculation of Risk with Increased Trips and Adjusted Ratio

Alternative Worker Pop LCF Public LCF Worker - Difference Public - Difference
(Previous LCF) (Previous LCF )

No Separations (Vitrification) 3.74(25.7) 0.224 (1.54) -21.96 - 1.316

No Separations (Calcination) 1.18 (4.76) 0.07 (0.285) -3.58 - 0.215

Ex Situ Intermediate 1.21 (1.46) 0.073 (0.0878) -0.25 - 0.0148
Separations with Cs, Sr

Ex Situ Intermediate 1.21 (1.46) 0.073 (0.0878) -0.25 - 0.0148
Separations without Cs, Sr

Attached are two RADTRAN 4 computer outputs. The first (Run A) is for the dose rate of
13.05 mrem/hr at 2 meters that results in an 8.47E-02 rem overall integrated dose. The
second (Run B) is for 6.50 mrem/hr (half the value of Run A) that results in a total integrated
dose of 3.93E-02.

13.05/6.50 = 8.47E-02/3.93E-02 = 2.008 = 2.155

This demonstrates the linear relationship between the dose rate and the total integrated dose.

ASSUMPTIONS The waste inventory (Ci of waste) is constant. The more trips, the le
exposure per trip; and the less trips the mo exposure per trip.

~i~r~td~r KD

CALCULATION & RESULTS
ATTACHED
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RADTRAN 4.0.18 VERSION DATE: SEPTEMBER 24, 1995

MODE DESCRIPTIONS

NUMBER
1
2
3
4
5
6
7
8
9
10

NAME
TRUCK
RAIL
BARGE
SHIP
CARGO AIR
PASS AIR
P-VAN
CVAN-T
CVAN-R
CVAN-CA

CHARACTERIZATION
LONG HAUL VEHICLE
COMMERCIAL TRAIN
INLAND VESSEL
OPEN SEA VESSEL
CARGO AIRCRAFT
PASSENGER AIRCRAFT
PASSENGER VAN
COMMERCIAL VAN
COMMERCIAL VAN
COMMERCIAL VAN

RUN DATE: [ 22-FEB-96 AT 15:04:21 ] PAGE 1

AAA
A A
A A
A A
AAAAA
A A
A A

DDDD
D D
D D
D D
D D
D D
DDDD

TTTTT
T
T
T
T
T
T

RRRR
R R
R R
RRRR
R R
R R
R R

AAA
A A
A A
A A
AAAAA
A A
A A

N N
NN N
N N N
N NN
N N
N N
N N

4
4 4
4 4
44444

4
4
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RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

ECHO CHECK

&& Edited Thu Feb 22 15:03:39 1996
&& _NOSEPVW.IN4_
TITLE REDUCEDDOSERATECASE_
FORM UNIT
DIMEN 20 5 2 10 18
PARM 1 3 2 1 0
POPDEN 3.400
PACKAGE ,

LABGRP
GRP1

SHIPMENT
LABISO

AM241
PU238
SN126
U238

NORMAL
NMODE=2

9.360E-01
5.OOQE+00
2.OOOE+00
3.OOOE+00
5.OOOE+00

ACCIDENT
ARATMZ

NMODE=2
SEVFRC

NPOP=1
NMODE=2
9.94E-01

NPOP=2
NMODE=2
9.94E-01

NPOP=3
NMODE=2
9.94E-01

RELEASE
RFRAC
GROUP=1

0.OOE+00
GROUP=2

0.OOE+00
AERSOL

DISP=2
O.OOE+00

DISP=7

406.000 1959.100

GRP2

AM243
PU239

SR90
ZR93

5.500E-02
1.524E+02
1.OOOE+02
O.OOQE+00

6.620E-08

CM244
PU240

TC99

9.OOOE-03
2.OOOE+00
2.OOOE+01
1.000E+00

CS137
PU241

U233

6.437E+01
3.300E-02
4.OOOE+00
0.000E+00

N163
RU106

U234

4.025E+01
I.OOOE+01
1.OOOE+02
1.000E+00

NP237
SM151

U235

2.416E+01
6.OOOE+01
1.OOOE+02
5.OQOE+00

6.620E-08 6.620E-08

2.02E-03 3.34E-03 5.55E-04 1.71E-07

2.02E-03 3.34E-03 5.55E-04 1.71E-07

2.02E-03 3.34E-03 5.55E-04 1.71E-07

0.OOE+00 3.70E-05 3.70E-03 5.OOE-02

0.OOE+00 2.OOE-06 2.ODE-03 1.OE-03

O.OQE+00 1.OOE+00 1.OOE+00 1.OOE+00
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L=dSIG
Z0-300'S ZO-300'9 ZQ-300OS 00+300'0 00+300*0

Z=dSI+
dS3H

OQ+300'1 QO+300*t 00+300W! 00+300&0 00+300*0



RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

0.OOE+00 0.OOE+00
DEFINE U234

8.93E+07 1.73E-03
0.OOE+00 1.OOE-02

DEFINE N163
1.33E+05 1.71E-02
O.OOE+00 1.OOE-02

DEFINE SN126
3,65E+07 5.65E-02
O.OOE+00 1.OOE-02

DEFINE ZR93
5.59E+08 1.96E-02
O.00E+00 1.00E-02

EOF
ISOTOPES 2 146860 1.

AM241 7.08E-01
AM243 2.26E-04
CM244 8.04E-04
CS137 2.38E+02
N163 1.83E+00
NP237 4.75E-04
PU238 7.35E-03
PU239 1.80E-01
PU240 4.56E-02
PU241 5.10E-01
RU106 2.58E-07
SM151 4.29E+00
SN126 4.27E-03
SR90 2.97E+02
TC99 2.19E-01
U233 8.24E-08
U234 1.44E-06
U235 1.40E-04
U238 3.28E-03
ZR93 2.68E-02

DISTKM

PKGSIZ

EOF

_REDUCEDDOSERATECASE_

1.00E+00 1.00E+00 1.OOE+00

2.43E-05 1.30E+08 2.60E+05
3.OOE+00 8.20E+07 6.50E+04

O.OOE+00 3.OQE+03 5.40E+02.
2.OOE+00 1.OOE+05 5.30E+03

7.70E-03 8.60E+04 1.70E+04
2.0OE+0O 4.1OE+05 2.1OE+05

O.OOE+00 8.1OE+04 1.60E+03
2.00E+00 4.50E+06 9.80E+04

0 6.500 1.00 0.00 HLW
GRP2 2
GRP2 2
GRP2 2
GRP1 7
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP1 7
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2
GRP2 2

NMODE=2 2140.50

HLW 5.00

0.OOE+00

0.00E+00

0.OOE+O0

0.00E+00
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RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

_REDUCEDDOSERATECASE_

REGULATORY CHECKS
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RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

REDUCEDDOSERATECASE_

CALCULATIONAL INFORMATION FOR MODE RAIL

FOR SEVERITY CATEGORY 4 AREA 1 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 4 AREA 2 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

.FOR SEVERITY CATEGORY 4 AREA 3 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 1 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 2 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 3 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 4 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 5 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.

FOR SEVERITY CATEGORY 5 AREA 6 HAS BEEN INTERDICTED.
THERE WILL BE NO 50 YEAR GROUNDSHINE DOSE AND NO INGESTION DOSE.
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RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

REDUCEDDOSERATECASE_

INCIDENT-FREE SUMMARY
******** **** *******

INCIDENT-FREE POPULATION EXPOSURE IN PERSON-REM

PASSENGR CREW HANDLERS OFF LINK ON LINK STOPS STORAGE TOTALS
LINK .1 O.OOE+00 3.20E+04 1.57E+04 2.50E+02 3.27E+01 1.26E+03 4.12E+02 4.97E+04

TOTALS: O.OOE+00 3.20E+04 1.57E+04 2.50E+02 3.27E+01 1.26E+03 4.12E+02 4.97E+04

MAXIMUM INDIVIDUAL IN-TRANSIT DOSE

LINK 1 3.93E-02 REM
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RUN DATE: [ 22-FEB-96 AT 15:04:21 ]

_REDUCEDDOSERATECASE_

EXPECTED VALUES OF POPULATION RISK IN PERSON REM

GROUND INHALED RESUSPD CLOUDSH *INGESTION TOTAL

1.41E-05
8.03E-09
4.24E-10
1. 13E-O1
1.91E-05
1.04E-08
7.13E-09
9.12E-08
5.01E-08
3.49E-10
3.52E-12
3.09E-08
1.54E-07
0.00E+00
O.OOE+00
6.87E-14
1.59E-12
1.37E-08
2.84E-09
3.34E-07

4.OOE-04
1.28E-07
2.39E-07
2.85E-04
5.26E-09
2.55E-07
3.73E-06
9.83E-05
2.49E-05
4.84E-06
7.74E-12
1.36E-07
3.52E-10
6.83E-04
2.94E-09
1.89E-11
1.79E-10
2.95E-08
6.91E-07
2.08E-09

1.82E-03
5.83E-07
1.03E-06
1.26E-03
2.39E-08
1.16E-06
1.68E-05
4.49E-04
1.14E-04
2.06E-05
1.77E-11
6.12E-07
1.61E-09
3.01E-03
1.34E-08
8.65E-11
8. IBE-10
1.35E-07
3.14E-06
9.49E-09

1.24E-10
1.06E-13
6.21E-16
0.00E+00
0.OOE+O
1.OOE-13
5.97E-15
1.36E-13
3.63E-14
O.OOE+00
0.OOE+00
3.61E-14
1.91E-12
0.OOE+0O
1.07E-15
1.82E-19
2.03E-18
1.98E-13
3.14E-15
o.OOE+0O

0.OOE+OO
O.OOE+00
0.00E+00
0.OOE+00
o.OOE+00
0.OQE+00
0. 00E+OO
O.OOE+00
0.OOE+00
0. 00E+00
0.00E+00
O.OOE+O0
0.OOE+00
O.00E+00
0.OOE+OO
0.OOE+00
0.OOE+00
O.OOE+OO
0.00E+00
O.OOE+0O

2.24E-03
7.19E-07
1.27E-06
1.14E-O1
1.91E-05
1.43E-06
2.06E-05
5.47E-04
1.39E-04
2.54E-05
2.89E-11
7.78E-07
1.56E-07
3.69E-03
1.63E-08
1.05E-10
9.99E-10
1.78E-07
3.84E-06
3.46E-07

TOTALS: 1.13E-01 1.50E-03 6.70E-03 1.26E-10 O.OOE+00 1.21E-01

* NOTE THAT INGESTION RISK IS A SOCIETAL RISK;
THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY.

HLW
AM241
AM243
CM244
CS137
NI63.

NP237
PU238
PU239
PU240
PU241
RU 106
SM151
SN126

SR90
TC99
U233
U234
U235
U238
ZR93
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RUN DATE: [ 22-FEB-96 AT 15:04:21 3

_REDUCEDDOSERATECASE_

EXPECTED RISK VALUES - OTHER

LINK ECON
$$

1 O.OOE+OO

EARLY
FATALITY
0.00E+00

TOTAL O.OOE+0 0.OOE+00

TOTAL EXPOSED POPULATION: INCIDENT-FREE

RAIL RURAL
RAIL SUBURBAN
RAIL URBAN

1.09E+04 PERSONS
7.65E+04 PERSONS
6.04E+04 PERSONS

TOTAL 1.48E+05 PERSONS

TOTAL EXPOSED POPULATION: ACCIDENT
(PERSONS UNDER PLUME FOOTPRINT FOR A SINGLE ACCIDENT)

EOI
END OF RUN

RAIL RURAL
RAIL SUBURBAN
RAIL URBAN

4.59E+03 PERSONS
5.48E+05 PERSONS
2.64E+06 PERSONS

TOTAL EXPOSED POPULATION: INCIDENT-FREE

RAIL RURAL
RAIL SUBURBAN
RAIL URBAN

1.09E+04 PERSONS
7.65E+04 PERSONS
6.04E+04 PERSONS

TOTAL 1.48E+05 PERSONS

TOTAL EXPOSED POPULATION: ACCIDENT
(PERSONS UNDER PLUME FOOTPRINT FOR A SINGLE ACCIDENT)

RAIL RURAL
RAIL SUBURBAN

4.59E+03 PERSONS
5.48E+05 PERSONS
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RAIL URBAN
ECI
END OF RUN

2.64E+06 PERSONS



&& Edited Thu Feb 22 15:03:39 1996
&& _NOSEPVW.IN4_
TITLE _REDUCEDDOSERATECASE_
FORM UNIT
DIMEN 20 5 2 10 18
PARM 1 3 2 1 0
POPDEN 3.400 406.000 1959.100
PACKAGE

LABGRP
GRP1 GRP2

SHIPMENT
LABISO

AM241 AM243 CM244
PU238 PU239 PU240
SN126 SR90 TC99
U2a8 ZR93

NORMAL
NMODE=2

9.360E-O1
5.OOOE+00
2.OOOE+00
3.OOOE+00
5.OOOE+00

ACCIDENT
ARATMZ

NMODE=2
SEVFRC

NPOP=1
NMODE=2
9.94E-01

NPOP=2
NMODE=2
9.94E-01

NPOP=3
NMODE=2
9.94E-O1

RELEASE
RFRAC

GROUP=1
O.OOE+00

GROUP=2
0.OOE+00

AERSOL
DISP=2

0.OOE+00
DISP=7

o.OOE+00
RESP
DISP=2

O.OOE+00
DISP=7

0.OOE+00
DEFINE U234

8.93E+07

5.500E-02
1.524E+02
1.OOOE+02
Q.OOOE+00

6.620E-08

9.OOOE-03
2.OOOE+00
2.OOOE+01
1.OOOE+00

CS137
PU241

U233

6.437E+01
3.300E-02
4.OOOE+00
0.OOOE+00

N163
RU106

U234

4.025E+01
1.OOOE+01
1.OOOE+02
1. OOOE+00

NP237
SM151

U235

2.416E+01
6.OOOE+01
1.OOOE+02
5.OOOE+00

6.620E-08 6.620E-08

2.02E-03 3.34E-03 5.55E-04 1.71E-07

2.02E-03 3.34E-03 5.55E-04 1.71E-07

2.02E-03 3.34E-03 5.55E-04 1.71E-07

0.00E+00 3.70E-05 3.70E-03 5.OOE-02

O.OOE+00 2.OOE-06 2.OOE-03 1.OOE-03

0.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00

O.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00

0.OOE+00 5.OOE-02 5.00E-02 5.OOE-02

0.OOE+00 1.OOE+00 1.OOE+00 l.OOE+00

1.73E-03 2.43E-05 1.30E+08 2.60E+05 0.OE+00



0.OE+00 1.OOE-02 3.OOE+OO 8.20E+07 6.50E+04
DEFINE N163

1.33E+05 1.71E-02 Q.OOE+00 3.OOE+03. 5.40E+02 0.OOE+00
Q.OOE+00 1.00E-02 2.OOE+00 1.OOE+05 5.30E+03

DEFINE SN126
3.65E+07 5.65E-02 7.70E-03 8.60E+04 1.70E+04 0.OOE+00
0.00E+00 1.OOE-02 2.OOE+00 4.1OE+05 2.10E+05

DEFINE ZR93
5.59E+08 1.96E-02 0.OOE+0 8.10E+04 1.60E+03 0.OOE+0O
O.00E+00 1.00E-02 2.OQE+00 4.50E+06 9.SOE+04

EOF
ISOTOPES 2 146860

DISTKM

PKGSIZ

EOF
EQI

AM241
AM243
CM244
CS137
N163

NP237
PU238
PU239
PU240
PU241
RU106
SM151
SN126

SR90
TC99
U233
U234
U235
U238
ZR93

7.08E-01
2.26E-04
8.04E-04
2.38E+02
1.83E+00
4.75E-04
7.35E-03
1.8E-01
4.56E-02
5. 10E-01
2.58E-07
4.29E+00
4.27E-03
2.97E+02
2.19E-O1
8.24E-08'
1.44E-06
1.40E-04
3.28E-03
2.68E-02

1.00 6.500 1.00 0.00 HLW
GRP2
GRP2
GRP2
GRP1
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP1
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2

NMODE=2 2140.50

HLW 5.00



A

NUMBER
1
2
3
4
5
6
7
8
9
10

MODE DESCRIPTIONS

NAME CHARACTERIZATION
TRUCK LONG HAUL VEHICLE
RAIL COMMERCIAL TRAIN
BARGE INLAND VESSEL
SHIP OPEN SEA VESSEL
CARGO AIR CARGO AIRCRAFT
PASS AIR PASSENGER AIRCRAFT
P-VAN PASSENGER VAN
CVAN-T COMMERCIAL VAN
CVAN-R COMMERCIAL VAN
CVAN-CA COMMERCIAL VAN

RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

RRRR AAA DDDD TTTTT RRRR AAA N N
R R A A D D T R R A A NN N
R R A A D D T R R A A N N N
RRRR A A D D T RRRR A A N NN
R R AAAAA D D T R R AAAAA N N
R R A A D D T R R A A N N
R R A A DDDD T R R A A N N

4
4 4
4 4
44444

4
4
4

RADTRAN 4.0.18 VERSION DATE: SEPTEMBER 24, 1995
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RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

ECHO CHECK

&& Edited Thu Feb 22 14:57:21 1996
&& _NOSEPVW.IN4_
TITLE NO SEPARATIONSVITRIFIEDWITHOUTCSANDSR
FORM UNIT
DIMEN 20 5 2 10 18
PARM 1 3 2 1
POPDEN 3
PACKAGE .

LABGRP

0
.400

GRP1
SHIPMENT

LABISO
AM241
PU238
SN126
U238

NORMAL
NMODE=2

9.360E-01
5.OOOE+00
2.OOOE+00
3.OOOE+00
5.OOOE+00

ACCIDENT
ARATMZ

406.000 1959.100

GRP2

AM243
PU239

SR90
ZR93

5.50OE-02
1.524E+02
1.OOOE+02
0.OOOE+00

CM244
PU240
TC99

9.OOOE-03
2.000E+00
2.OOOE+01
1.000E+00

CS137
PU241

U233

6.437E+01
3.30OE-02
4.000E+00
0.OOOE+00

NI63
RU106

U234

4.025E+01
1.OOOE+01
1.OOOE+02
1.000E+00

NP237
SM151

U235

2.416E+01
6.OOOE+01
1.OOOE+02
5.OOOE+00

NMODE=2 6.620E-08 6.620E-08 6.620E-08
SEVFRC

NPOP=1
NMODE=2
9.94E-01

NPOP=2
NMODE=2
9.94E-01

NPOP=3
NMODE=2
9.94E-01

RELEASE
RFRAC

GROUP=1
O.OOE+00

GROUP=2
0.00E+00

AERSOL
DISP=2

0.00E+00
DISP=7

2.02E-03 3.34E'03 5.55E-04 1.71E-07

2.02E-03 3.34E-03 5.55E-04 1.71E-07

2.02E-03 3.34E-03 5.55E-04 1.71E-07

O.OOE+00 3.70E-05 3.70E-03 5.OOE-02

0.OOE+00 2.OOE-06 2.OOE-03 1.OOE-03

0.OOE+00 1.OOE+00 1.OOE+00 1.OOE+00

PAGE 2



O.OOE+00 O.OOE+00 1.OE+00 1.OOE+00 1.QOE+00
RESP

DISP=2
O.OOE+00 O.QOE+00 5.OOE-02 5.OOE-02 5.OQE-02

DISP=7



RUN DATE: E 22-FEB-96 AT 14:58:12 ]

_NOSEPARATIONSVITRIFIEDWITHOUTCSANDSR

O.OOE+00 O.OOE
DEFINE U234

8.93E+07 1.73E-
0.00E+00 1.OOE-

DEFINE N163
1.33E+05 1.71E-
O.OQE+00 1.OOE-

DEFINE SN126
3,65E+07 5.65E-
O.OOE+00 1.OOE-

DEFINE ZR93
5.59E+08 1.96E-
0.OOE+O0 1.OOE-

EOF
ISOTOPES 2 146860

DISTKM

PKGSIZ

EOF

AM241
AM243
CM244
CS137
N163

NP237
PU238
PU239
PU240
PU241
RU106
SM151
SN126
SR90
TC99
U233
U234
U235
U238
ZR93

7.08E-01
2.26E-04
8.04E-04
2.38E+02
1.83E+00
4.75E-04
7.35E-03
1.80E-01
4.56E-02
5. IOE-01
2.58E-07
4.29E+00
4.27E-03
2.97E+02
2. 19E-01
8.24E-08
1.44E-06
1.40E-04
3.28E-03
2.68E-02

1.OOE+00 1.OOE+0O 1.OOE+00

2.43E-05 1.30E+08 2.60E+05 0.OOE+00
3.OOE+0O 8.20E+07 6.50E+04

O.OOE+00 3.OOE+03 5.40E+02 O.OOE+00
2.OOE+0O 1.OOE+05 5.30E+03

7.70E-03 8.60E+04 1.70E+04 O.OOE+00
2.OOE+0O 4.10E+05 2.1OE+05

O.OOE+00 8.10E+04 1.60E+03 O.OOE+OQ
2.OOE+OO 4.50E+06 9.80E+04

1.00 14.000 1.00
GRP2
GRP2
GRP2
GRP1
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP1
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2
GRP2

0.00 HLW

NMODE=2 2140.50

HLW 5.00

PAGE 3



RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

_NOSEPARATIONSVITRIFIEDWITHOUTCSANDSR

REGULATORY CHECKS

MODE 2 HAS BEEN REDESIGNATED AS EXCLUSIVE USE

FOR THE SHIPMENT OF HLW BY MODE 2
THE DOSE RATE AT 2 METERS COULD EXCEED 10 MR/HR
PPS*TI HAS BEEN RESET TO EQUAL 13.05

PAGE 4



RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

_NOSEPARATIONSVITRIFIEDWITHOUTCSANDSR

CALCULATIONAL INFORMATION FOR MODE

FOR SEVERITY CATEGORY 4
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 4
THERE WILL BE NO 50 YEAR

.OR SEVERITY CATEGORY 4
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 5
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 5
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 5
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 5
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 5
THERE WILL BE NO 50 YEAR

FOR SEVERITY CATEGORY 5
THERE WILL BE NO 50 YEAR

AREA 1 HAS BEEN
GROUNDSHINE

AREA 2 HAS
GROUNDSHINE

AREA 3 HAS
GROUNDSHINE

AREA 1 HAS
GROUNDSHINE

AREA 2 HAS
GROUNDSHINE

AREA 3 HAS
GROUNDSHINE

AREA 4 HAS
GROUNDSHINE

AREA 5 HAS
GROUNDSHINE

AREA 6 HAS

DOSE

BEEN
DOSE

BEEN
DOSE

BEEN
DOSE

BEEN
DOSE

BEEN
DOSE

BEEN
DOSE

BEEN
DOSE

BEEN

RAIL

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
AND NO INGESTION DOSE.

INTERDICTED.
GROUNDSHINE DOSE AND NO INGESTION DOSE.

PAGE 5



RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

_NOSEPARATIONSVITRIFIEDWITHOUTCSANDSR

PAGE 6

INCIDENT-FREE SUMMARY

INCIDENT-FREE POPULATION EXPOSURE IN PERSON-REM

PASSENGR CREW HANDLERS OFF LINK ON LINK STOPS STORAGE TOTALS
LINK 1 O.OOE+00 6.43E+04 3.15E+04 5.01E+02 6.55E+01 2.52E+03 8.87E+02 9.97E+04

TOTALS: O.OOE+00 6.43E+04 3.15E+04 5.01E+02 6.55E+01 2.52E+03 8.87E+02 9.97E+04

MAXIMUM INDIVIDUAL IN-TRANSIT DOSE

LINK 1 8.47E-02 REM



RUN DATE: [ 22-FEB-96 AT 14:58:12 ]

_NOSEPARATIONSVITRIFIEDWITHOUTCSANDSR

EXPECTED VALUES OF POPULATION RISK IN PERSON REM

GROUND INHALED RESUSPD CLOUDSH *INGESTION TOTAL

1.41E-05
8.03E-09
4.24E-10
1.13E-01
1.91E-05
1.04E-08
7.13E-09
9.12E-08
5.01E-08
3.49E-10
3.52E-12
3.09E-08
1.54E-07
0.00 E+00
0.OOE+00
6.87E-14
1.59E-12
1.37E-08
2.84E-09
3.34E-07

4.OOE-04
1.28E-07
2.39E-07
2.85E-04
5.26E-09
2.55E-07
3.73E-06
9.83E-05
2.49E-05
4.84E-06
7.74E-12
1.36E-07
3.52E-10
6.83E-04
2.94E-09
1.89E-11
1.79E-10
2.95E-08
6.91E-07
2.08E-09

1.82E-03
5.83E-07
1.03E-06
1.26E-03
2.39E-08
1.16E-06
1.68E-05
4.49E-04
1.14E-04
2.06E-05
1.77E-11
6.12E-07
1.61E-09
3.01E-03
1.34E-08
8.65E-11
8. ISE-10
1.35E-07
3.14E-06
9.49E-09

1.24E-10
1.06E-13
6.21E-16
0.OOE+00
0.OOE+00
1.OOE-13
5.97E-15
1.36E-13
3.63E-14
0.00E+00
0.OOE+00
3.61E-14
1.91E-12
0.00E+00
1.07E-15
1.82E-19
2.03E-18
1.98E-13
3.14E-15
0.OOE+00

0.00 E+00
O.00E+00
0.OOE+00
0.OOE+00
O.00E+00
0.00E+00
0.00E+00
0.OOE+00
0. 00E+00
0.00E+00
0.00E+00
0.00E+00
0.OOE+00
0.00E+00
0.00E+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+00
0.OOE+OO

2.24E-03
7.19E-07
1 .27E-06
1.14E-01
1.91E-05
1.43E-06
2.06E-05
5.47E-04
1.39E-04
2.54E-05
2.89E-11
7.78E-07
1.56E-07
3.69E-03
1.63E-08
1.05E-10
9.99E-10
1.78E-07
3.84E-06
3.46E-07

TOTALS: 1.13E-01 1.50E-03 6.70E-03 1.26E-10 O.OOE+00 1.21E-01

* NOTE THAT INGESTION RISK IS A SOCIETAL RISK;
THE USER MAY WISH TO TREAT THIS VALUE SEPARATELY.

HLW
AM241
AM243
CM244
CS137
NI6Z

NP237
PU238
PU239
PU240
PU241
RU106
SM151
SN126

SR90
TC99
U233
U234
U235
U238
ZR93

PAGE 7



RUN DATE: [ 22-FEB-96 AT 14:58:12 J

NOSEPARATIONSVITRIFIEDWITHOUTCSANDSR

EXPECTED

LINK

1

TOTAL

RISK VALUES - OTHER

ECON EARLY
$$ FATALITY

O.OOE+00 O.OOE+00

O.OOE+00 O.OOE+00

PAGE 8



TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TITLE /5auet
/

_tP4~~nte~~. .ZW cS/I aZ~C 6 2 :'

ORIGINATOR /Si

r,

v

DATE 9

REVISION NO.

OBJECTIVE ) y c4tar

~ k C&4 stc~~SvA

METHODOLOGY &LSw32'&J

fflI2rmiTU~4 t

Mt
V 'I)

tt LUJA ~J&A4t

ASSUMPTIONS / e~~~t>tACc -- 44t~ct o

~rLcr~Ot~,tn 7Wq

g9 t,6t&n4J4c

(Continue on another sheet if necessary)

SIGNATURE/DATE

CALCULATION & RESULTS
ATTACHED

JACOBS\FORMSMCALCVR.SflT

9



.bM -219 b( HUA 1R:25I AERG OAK RIDGE

Facsimile Cover Sheet

To: ,i</ atr-r
Company:

Phone;
Fax: __

From: Art Palmer
Company:

Office Phone:
Pager:

Fax:

American Ecology
423-220-5230
800-360-0579
423-220-5245

Date:
Pages including this

cover page: 

Comments:

ZSr n* ~'a.a
1.110 ~~~ C=IW1.11

A% at..Xa~pnc

TEL:615 2205245 P. 001



-FEB. -29%96(THU) 15:26 AERC OAK RIDGE TEL:615 2205245

Richland Pathways Analysis

Table 3.1

Radionuclide Source Term

Isotope Half-Life (years) Activity (Curies) (1)
Am-241 458 464.3

C-14 5.73E+03 3880.7

Cd-113 1.3E+15 2.94

CI-36 3.08E+05 34.5

Hr-182* 9.00E6 1.56

1-120 1.70E+07 5.77

in-I15 6.00E14 2.99

K-40 1.26E-09 4.7

Nb-94 2.OOE+04 0.94

Ni-59 8.00E+04 187.91

NI-63 92 35,426.6

Pu-238 88.4 11,442.99

Pu-230 2.44E+04 12.945.7*

Pu-240 6.60F+03 included with Pu-239

Pu-241 13.2 NA

Pu-242 3.79E5 240.48

Ra-226 1.50E+03 207.6

Sr-90 27.7 35,334.4

TC-99 2.12E+05 65.6

Th-232 1.41E+10 636.5

U-238 4.51E+0A 10,938.24

Notes:

* Combines total activity for Pu-239 and Pu-240; use Pu-239 hair-lire
(1) Includes activity through 1993 and predicted future activity (1994-2063)

853770: December 1US4

P. 002

3-13



.FEB. -29 Y(THU) 13:26 AERO OAK RiDGE

Riehland Pathways Analysis

Table 3.7

Estimated Concentrations at Hypothetical Well (pCi/L)

INPUT FOR RWELL1.OUT
RICH1.DAT (K=1 000 FT/D, INFIL. = 0.2 IN/YR, DEPTH = 265 FT, POR = 0.30)

Isotopes less than IE-50 pCilL were ignored
Dose rates for CI-36 were not calculated by PRESTO-Il, but were instead
calculated by hand

853770: December 1994

lootope TRANSS Dilution Well Conc. Conversion PRESTO Status for
RICHI.OUT Factor (pCi/L) FActor Input PRESTO

(pCilL) (Ci/cu. M)

Am-241 7.29E-120 0.0004 ?2 1.00E-09 2.9E-132 Ignoro

C-14 13515.1 0.0004 5.40604 1.00E-09 5.41E-09 Retain

Cl-38 16.9191 0.0004 0.006768 1.00E-09 6.77E-12 Ignore

1-129 16.8499 0.0004 0.00674 1.OOE-09 6.74E-12 Retain

K-40 22.7167 0.0004 0.009087 1.00E-09 9.09E-12 Retain

Nb-94 0.5E-12 0.0004 2.74E-15 1.00E-09 2.74E-24 Retain

Ni-59 0.211916 0.0004 8.48E-05 1.00E-09 8.48E-14 Retain

N-63 9. 11F-92 0.0004 3.64E-95 1.00E-09 3.6E-104 Ignore
Pu-238 1.09E-79 0.0004 4.38E-83 1.OOE-09 4.38E-92 Ignore

Pu-239 3.57054 0.0004 0.001428 1.00E-09 1.43E-12 Retain

Pu-242 40.7807 0.0004 0.016312 1.00E-09 1.632-11 Retain

Ra-226 3,11E-31 0.0004 1.24E-34 1.OOE..09 1.24E-43 Retain

Sr-90 8.02E-10 0.0004 3.21E-13 1.00E-09 3.21E-22 Retain
T-99 8,251.5 0.0004 3.301) 1.00E-09 3.30E-09 Retain

Th-232 373.656 0.0004 0.149474 1.00E-09 1.49E-10 Retain

U-238 852.955 0,0004 (2341182.. 1.00E-09 3.41E-10 Retain

Note:

TEL:615 2205-145 P. 005

3-19
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Predicted Maximum Groundwater
Concentration

U.S. Ecoloogy Site
And Time of Peak

Tc-99
pG/L

(years)
3.301

1-129
pCi/L
(years)

6.74E-03

P-14
pCi/L
(years)

5.41

U-238
pCi/L
(years)

3.4E-01

Nitrate
Metric Tonnes
(years)

P 61

Predleted Maximum Groundwater 7.376185 0.000078 223.002 0.171233 p C.
Concentrations for the
ERDF
Peak Arrival Time (1445 yrs)) (1445 yrs) (1445 yrs) (1445 yrs)

Dose Conv. Factor (rnrem/pCi) 1.$E-06 2.8E-04 2.1E-06 2.4E-04
May GW Dose (mrem/yr) 0.0071 0.0002 0.342 0.03

Predicted Maximum Groundwater
Concentratinng for. the 11 W
Burial in 200W
Peak Arrival Time

Category (no cap)
Max GW Dose (mremlyr) 2.5E-02 1.4E-02 1.3E-04 3.6E-04 /
Max GW concentration (pCi/L) + 6.8E-02 - .5E -02T 2.1E-03 P /

Category 3 (cap)
Max GW Dose (mremlyr)
Max GW concentration (pCi/L)
Time to Peak (years)

(123yrs)

1.6
16&5.8N

(1000)

(1 23yrs)

1.7E-01,
M.3IM$

(1000)

I

~1
(1 23yrs) (123yrs) I.

5. 20
3392.04[ ~9 .1S5 6XZ'17

(1000) (1000)

Z dcr&

I .- .1
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FEB. -29'96(THUI 15:26 AERC OAK RIDGE TEL:615 2205245

Richland Pathways Analysis

Table 3.1

Radionuclide Source Term

isotope Half-Life (years) Activity (Curies) (1)

Arn-241 458 464.3

C-14 5.73E+03 3580.7

Cd-113 1.3E+15 2.94

CI-36 3.08E+05 34.5

Hf-182* 9.00E6 1.56

1-120 1.70E+07 5.77

In-115 6.00E14 2.99

K-40 1.26E-09 4.7

Nb-94 2.00E+04 0.94

Ni-59 8.00E+04 187.91

NI-63 92 35,426.6

Pu-238 86.4 11,442.99
Pu-230 2.442+04 12.945.7*

Pu-240 6.60F+03 included with Pu-239

Pu-241 13.2 NA

Pu-242 3.79E5 240.48

Ra-226 1.60E+03 207.6

Sr-90 27.7 35,334.4

TC-99 2.12E+05 66.6

Th-232 1.41E+10 636.5

U-238 4.51E+09 10,938.24

Notes:

Combines total activity for Pu-239 and Pu-240; use Pu-239 hairle
(1) Includes activity through 1993 and predicted future activity (1994-2063)

853770: December 1994

P. 002

3-13



FE&. -29' 6(THU') 15:26 AERC OAK RIDGE

lict land Pathways Analysis

Table 3.7

Estimated Concentrations at Hypothetical Well (pCiL)

INPUT FOR RWELLI.OUT

RICHI.DAT (K-1000 FTID, INFIL = 0.2 INIYR, DEPTH = 265 FT, POR = 0.30)

Isotope TRANSS Dilution Well Cone. Conversion PRESTO Status for
RICH1.OUT Factor (pCUL) Factor Input PRESTO

(pCliL) (CZIcu. m)

Am-241 7.29E-120 0.0004 2?. 71 , 1.00E-09 2.BE-132 Ignore

C-14 13815.1 0.0004 5.40604 1.00E-09 5.41E-09 Retain

Ct-Me 16.9191 0.0004 0.006768 1.00E-09 6.77E-12 Ignore

1-129 16.8499 0.0004 .00674 1.00E-09 6.74E-12 Retain

K-40 22.7167 0.0004 0.009087 1.00E-09 9.09E-12 Retain

Nb-94 0.65E-12 0.0004 2.74E-15 1.00E-09 2.74E-24 Retain

Ni-59 0.211916 0.0004 8A8E-05 1.00E-09 8.48E-14 Retain

Ni-63 9.11 F-92 0.0004 3.64E-95 1.00E-09 3.6E-104 Ignore
Pu-238 1.09E-79 0.0004 4.38E-83 1.00E-09 4.38E-92 ignore

Pu-239 3.57054 0.0004 0.001428 1.00E-09 1.43E-12 Retain

Pu-242 40.7807 0.0004 0.016312 1.00E-09 1.63E-11 Retain

Ra-226 3.11E-31 0.0004 1.24E-34 1.00E-09 1.24E-43 Retain

Sr-go 8.02E-10 0.0004 3.21E-13 1.00E-09 3.21E-22 Retain

TC-99 8,251.5 0.0004 3.301) 1.00E-09 3.30E-09 Retain

Th-232 373.686 0.0004 0.149474 1.00E-09 1.49E-10 Retain

U238 852.955 0,0004 (2.341182 1.00E-09 3.41E-10 Retan

Note:
Isotopes less than 1E-50 pCi/L were ignored
Dose rates for CI-36 were not calculated by PRESTO-Il, but were instead
calculated by hand

853770: December 1994

TEL:615 2205245 . ?.003
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Predicted Maximum Groundwater
Concentration
U.S. Ecolocgy Site
And Time of Peak

TC-99 ~
pG/L
(years)

3.301

1-129
pCIIL
(years)

6.74E-03

C-14
pCi/L
(years)

5.41

U-238
pCi/L
(years)

3.4E-01

Nitrate
Metric Tonnes
(years)
P0;

Predicted Maximum Groundwater 7.376186 0.000078 223.002 0.171233 pCU/Z
Concentrations for the
ERDF
Peak Arrival Time (1445 yrs)) (1445 yrs) (1445 yrs) (1445 yrs)

Dose Conv. Factor (mrem/pCl) 1.3E-06 2.8E-04 2.1E-06 2.4E-04
Max GW Dose (mrem/yr) 0.0071 0.0002 0.342 0.03

Predicted Maximum Groundwater
Concentrotions fnr the I .. W
Burial in 200W
Peak Arrival Time

Catceory 1 (no cap)
Max GW Dose (mremlyr) 2. 5E-03 1 .4E-.02 1.3E-04 3.BE-04 /t

Max _ _ _ cocnrto___ zF+4 uu-zI UX -2 .1E0PC

(123yrs)
Category 3 (cap)
Max GW Dose (mrem/yr) 1.6
WMax GW concentratiorit(pl/L)
Time to Peak (years)

(1 23yrs)

I.7E-01
O.s3 fThM

(1000)

I

(123yrs) (123yrs)

5.2 20
3392.02 MY'1141 C- 7-

(1000) (1000)(1000)

f
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DISCIPLINE & TITLE

ORIGINATOR

Alex Nazarafi
Risk Assessment Lead

Loretta Crow DATE March 7, 1996

REVISION NO. 0

OBJECTIVE To check the accuracy of the tables (in Appendix D of Rev. C) which had been
woidprocessed from Excel tables (the original source documents).

METHODOLOGY For those tables with a "total" indicated, the components that comprise
the total were added together. Any differences between the recalculated total and the total
appearing in Rev. C were indicated and the total figure appearing in Rev. C was included in
the line following the recalculated figure. Any differences that were significant enough to
impact the analysis (i.e., orders of magnitude) were research by referring back to the original
Excel tables, the figure(s) appearing in Rev. C were then reconciled to the Excel calculations,
and this was noted on the recalculation sheet.

ASSUMPTIONS
1. Minor discrepancies may occur because of rounding numbers.
2. The more rounded numbers that are added together, the greater the potential that

discrepancies will occur and that these discrepancies will be larger.
3. Discrepancies resulting from adding rounded numbers should not exceed a difference of

a magnitude (exponent) of 1.
4. Discrepancies exceeding a difference of a magnitude of 1 indicate a potential error in

data transcription.

S NATURE/DATE

CHECKED/DATE
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TABLE D.4.1.6
EMISSIONS HAZARD/Efil WKR RLSK/MEI WK
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.70E3-07
2-Hexanone
2-Pentanone
Acetone 4.72103
Acetonitrile 1.62E-02
Benzene 6.36E-03 1.34E-07
Heptane
Methyl N-amyl Ketone 1. 17E-03
N-hexane 5.09E-04
Nonane
Octane
Toluene 2.01E-05
Ammonia 4.79E02
Phosphoric Acid Tribdtyl Ester
Carbon Tetrachloride 3.941-08 5.10213
Ethyl Butyl Ketone 3.27E-09
Methyl Chloride 8.97E-15
Tetrahydrofuran

.cA .9 .. ... .4.
TOTAL SHOWN IN REV C - 7.70E-02 J 7.O5E-07

TABLE D.4.1.7
EMISSIONS HAZARD/MEI WTR RISKJMEI WR
Carbon Monoxide
Nitrogen Oxide
1.3-Butadiene 2.46E-07
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E.03
Benzene 2.75E-03
Heptane 5.81E-08
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20-04
Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.711-08 2.213-13
Ethyl Butyl Ketone 1.421-09
Methyl Chloride 3.88E-15
Tetrahydrofuran

WI .* &30 W.

TOTAL SHOWN IN REV C } 3.OSE___

TABLE D.4.1.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06
Anmnonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

*>'~~r'~~" NOrc>>Y~4 t ~ ~ .tx *
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TABLE D.4.1.9
EMISSIONS HAZARD/MET WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.35E-11
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E06
Benzene 1.45E-06 1.73E-1I
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.091-05
Phosphoric Acid Tribtyl Ester
Carbon Tetracbloride 8.97E-12 6.57E-17
Ethyl Butyl Ketone 745E-13
Methyl Chloride 1.16E-t8
Tetrahydrofuran

TABLE D.4.I.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08
Ammonia 1.8213-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08
1 2A

TOTAL SHOWN IN REV C 6.76E-07

TABLE D.4.2.6
EMISSIONS HAZARD/ME! WER RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.711-07
2-Hexanone
2-Pentanone
Acetone 4.7313-03
Acetonitrile 1.63E-02 I
Benzene 6.37E-03 1.34E-07
Heptane
Methyl N-amyl Ketone 1.17E,03
N-hexane 5.10-04
Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 3.95E-08 5.11-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride 8.97E-15
Tetrahydrofuran

§ g
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TABLE D.4.2.7
EMISSIONS HAZARD/MEI WKE RISK/MEI VKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.26E-07
2-Hexanone
2-Pentanone
Acetone 5.61E-03
Acetonitrile 1.93E-02
Benzene 7.55E-03 5.32E-08
Heptane
Methyl N-amyl Ketone 1.38E-03
N-hexane 6.02E-04
Nonane
Octane _ _ _ _ _ _ _ _ _ _ _

Toluene 2.38E-05
Ammonia 5.73E-04
Phosphoric Acid Tribiftyl Ester

TABLE D.4.2.8
EMISSIONS HAZARD/MEI WKR RYSKIME! WKA
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.47E-07
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 5.81E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nortane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.711-08 2.21E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 3.88E-15
Tetrahydrofunn

T TAL 0.,F'0 - 7
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TABLE D.4.2.9
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 9.78E-08
2-Hexanone
2-Pentanone
Acetone 2.42E-03
Acetonitrile 8.34E-03
Benzene 3.26E-02 2.30E-08
Heptane
Methyl N-amyl Ketone 5.98E-04
N-hexane 2.60E-04
Nonane
Octane
Toluene 1.03E-05
Ammonia 2.48E-04
Phosphoric Acid Tribdtyl Ester

TOTAL IN REV. C 1.51EA2

TABLE D.4.2.10
EMISSIONS HAZARD/MEI WKR RISK/MEl WK
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE D.4.2.21
EMISSIONS HAZARD/MEl WKR RISK/MEI WKR
Acetone 1.50E-05
Ammonia 4.88E-05
n-Butyl Alcohol 1.13E-04
2-Hexanone
Methyl Isobutyl Ketone 4.45E-06

&M W:N k m4
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TABLE D4.2.12
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.35E-1 I
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.73E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 6.57E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chloride I.16E-16
Tetrahydrofuran

TABLE D.4.2.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.91E-11
2-Hexanone
2-Pentanone
Acetone 1.28E-06
Acetonitrile 4.39E-06
Benzene 1.72E-06 6.84E-12
Heptane
Methyl N-amyl Ketone 3.15E07
N-hexane 1.37E,07
Nonane
Octane
Toluene 5.40E-09
Ammonia 1.307E-7
Phosphoric Acid Tributyl Ester

TOTAL IN REV. C 7-96E-06 3.60E-11

TABLE D.4.2.14
EMISSIONS HAZARD/ME! WKR RISK/MEI WKR
Acetone 5.61E-08

Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL IN REV. C 6.76E-07

Page 5



Sheet4

TABLE D.4.2.15 I
EMISSIONS HAZARD/MEI WKR RISK/MI WKR
Acetone 7.46E-07
Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone
Methyl Isobutyl Ketone 2.21 E-07

TOTAL IN9.OOE06
TO TAL IN RE V. C 9.OOE-06 _______

TABLE D.4.3.6
EMMSSIONS HAZARD/MEI WKR RISK/MEl WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.61E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03 1
Benzene 6.37E-03 8.51E-08
Heptane -
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.101E-04
Nonae
Octane
Toluene 2.02E-05
Ammaonia 4.80E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 3.95E-08 3.233-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride 5.68E-15
Tetrahydrofuran

T..AL ..4E. 44-

TOTAL IN REV. C 7.71E-02
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TABLE D.4.3.7
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.53E-09
2-Hexanone
2-Pentanone
Acetone 1.10E-04
Acetonitrile 3.78E-04 I
Benzene 1.48E-04 8.33E-10
Heptane
Methyl N-amyl Ketone 2.71E-05
N-hexane I.]SE-05
Nonane
Octane _ _ _ _ _

Toluene 4.68E-07
Ammonia 1.11E-03
Phosphoric Acid Tribtyl Ester
Carbon Tetrachloride 9.16E-10 3.16E-15
Ethyl Butyl Ketone 7.60E-1
Methyl Chloride 5.56E-17
Tetrahydrofuran

TOTAL IN REV. C 4.37E-09

TABLE D.4.3.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKCR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.56E-07
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 1 3.68E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane -
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.71E-08 1.40E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 2.45E-15
Tetrahydrofuran

...... M
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TABLE D.4.3.9 I
EMISSIONS HAZARD/MEI WKR RISK/ME! WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.53E-09
2-Hexanone
2-Pentanone
Acetone 4.74E-05
Acetonitrile 1.63E-04
Benzene 6.39E-05 3.60E-10
Heptane
Methyl N-anyl Ketone 1.17E-05
N-hexane 5.1 1E-06
Nonane
Octane
Toluene 2.02E-07
Ammonia 4.81E-04
Phosphoric Acid Tribdtyl Ester
Carbon Tetrachloride 3.96E-10 1.37E-15
Ethyl Butyl Ketone 3.29E-11
Methyl Chloride 2.40E-17
Tetrahydrofuran

TOTAL IN REV. C 7.73E-02
(Document revised to correct total)

TABLE D.4.3.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE D.4.3.11
EMISSIONS HAZARD/MEl WKR RISK/MEI WKR
Acetone I .50-05
Ammonia 4.88E-05
n-Butyl Alcohol 1.13E-04
2-Hexanone
Methyl Isobutyl Ketone 4.45E-06

TOTA.........4

4$ l|
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TABLE D.4.3.12
EMISSIONS HAZARD/MEI WIKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.65E-11
2-Hexanone
2-Pentanone
Acetone 1.0813-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.10E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E12 4.16E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chloride 7.32-19
Tetrahydrofuran

TABLE D.4.3.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.13E-13
2-Hexanone
2-Pentanone
Acetone 2.27E-08
Acetonitrile 7.80E08
Benzene 3.05E08 9.74E-14
Heptane
Methyl N-amyl Ketone 5.60E09
N-hexane 2.44E-09
Nonane
Octane
Toluene 9.67E-1 I
Ammonia 2.30E-07
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.89E-13 3.70E-19
Ethyl Butyl Ketone 1.57E-14
Methyl Chloride 6.50E-21
Terahydrofuran

ToTAL IN REV. C 3.70E-07 5.11E-13

Page 9
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TABLE D.4.3.14

EMISSIONS HAZARD(MEI WKR RISKIMEI WKR
Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL IN REV. C 6.76E-07

TABLE D.4.3.15
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 7.46E-07
Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone
Methyl Isobutyl Ketone 2.21E-07

TOTAL IN REV. C 9.OOE-06

TABLE D.4.6
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.61E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 8.51E-08
Heptane
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 3.95E-08 323E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride 5.68E-15
Tetahydrofuran

TOTAL IN REV. C 7.71E-02

0.A
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TABLE D.4.4.7
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.98E-09
2-Hexanone
2-Pentanone
Acetone 1.10E-04
Acetonitrile 3.78E-04
Benzene 1.48E-04 9.37E-10
Heptane
Methyl N-amyl Ketone 2.71E-05
N-hexane 1.18E-05
Nonane
Octane
Toluene 4.68E-07
Ammonia 1.1IE-03
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 9.16E-10 3.56E-15
Ethyl Butyl Ketone 7.6OE-11
Methyl Chloride 6.25E-17
Temtahydrofuran

TOTA INE . 4.91E-09

TABLE D.4.4.8
EMISSIONS HAZARD(MEI WKR RISKIMEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.56E-07
2-Hexanone ______________
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 3.68E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane
Octane
Toluene 8.71E-06 -

Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.71E-08 1.40E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 2.45E-15
Tetrahyd rofu ran

TNTARL 33-j MI' a,-

Page 11



Sheet4

TABLE DAA.9
EMISSIONS HAZARDIMEI WER RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Buradiene 1.72E-09
2-Hexanone
2-Pentanone
Acetone 4.74E-05
Acetonitrile 1.63E-04
Benzene 6.39E-05
Heptane 4.05E-10
Methyl N-amyl Ketone 1.17E-05
N-hexane 5.11E-06
Nonane
Octane
Toluene 2.02E-07
Ammonia 4.81E-04
Phosphoric Acid Tribltyl Ester
Carbon Tetrachloride 3.96E-10 1.54E-15
Ethyl Butyl Ketone 3.29E-11
Methyl Chloride 2.70E-17
Tetrahydrofuran

TOTAL 7u72E-e.m c.53 E-i wam
TOTAL IN REV. C 7.73E-04 2.12E-09

TABLE D.4.4.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE D.4.4.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.501E-05
Ammonia 4.88E-05
n-Butyl Alcohol 1.13E-04
2-Hexanone
Methyl Isobutyl Ketone 4.45E-06

MOA ....E-..4
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TABLE D.4.4.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.65E-11
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.10E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tribiltyl Ester
Carbon Tetrachloride 8.97E-12 4.16E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chloride 7.32E-19
Tetrahydrofuran

TABLE D.4.4.14
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene ] 4.65E-13
2-Hexanone
2-Pentanone
Acetone 2.27E-08
Acetonitrile 7.80E-08
Benzene 3.05E-08 1.10E-13
Heptane
Methyl N-amyl Ketone 5.60E-09
N-hexane 2.44E-09
Nonane
Octane
Toluene 9.67E-11
Ammonia 2.30E-07
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.89E-13 4.16E-19
Ethyl Butyl Ketone 1.57E-14
Methyl Chloride 7.31E-21
Tetrahydrofuran

TOAL369a L E $$ 2!?M

TOTAL IN RE V. C 3.70E-07 5.74E-13

TABLE D.4.4.15
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E3-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

0OALI V C 6.7E7
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TABLE D.4.4.16 I
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 7.46E-07
Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone
Methyl Isobutyl Ketone 2.21E-07

TOTAL IN REV. C 9.OOE-06

TABLE D.4..6
EMISSIONS HAZARD/MEI WTKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.52E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.30E-07
Heptane
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.20E-05
Ammonia 4.80E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 3.95E-08 4.93E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride 8.67E-15
Tctrahydrofur=n

T 1TAL } - 6.2Z4Eo2 p6.S2E4O7
TOTAL IN REV. C 7.71E-02

TABLE D.4.S.7
EMISSIONS HAZARD/MEI WKR RISK/MET WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.48E-06
2-Mexanone
2-Pentanone
Acetone 1.421-02
Acetonitrile 4.S8E-02
Benzene 1.91E-02 3.501-07
Heptane
Methyl N-axnyl Ketone 3.50E-03
N-hexane 1.53E-03
Nonane
Octane
Toluene 6.05E3-05
Ammonia 1.44E-01
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.18E-07 1.33E-12
Ethyl Butyl Ketone 9.83E-09
Methyl Chloride 2.33E-14
Tetrahydrofuran
.TO, 09 EW01EaiMME2smMEmiHEEu&

- Lp c v . / 
1 a
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TABLE D.4.5.8
EMISSIONS HAZARDJMEI WIKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.381-07
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.751-03 5.62E-08
Heptane 2.751-03
Methyl N-amyl Ketone
N-hexane 5.05E-04
Nonane 2.20E-04
Octane
Toluene
Ammonia 8.71E-06
Phosphoric Acid Tributyl Ester 2.07E-02
Carbon Tetrachloride 2.13E-13
Ethyl Butyl Ketone 1.71E-08
Methyl Chloride 1.421-09 3.75E-15
Tetrahydrofuran

TO.TAL IN REV. C 3.33E-02

TABLE D.4.5.9
EMISSIONS HAZARDIMEI WKR RISK/MEI WKR
Acetone 1.13E-06
Ammnonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE D.4.5.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
CarbonMonoxide
Nitrogen Oxide
1,3-Butadiene 6.411-07
2-Hexanone
2-Pentanone
Acetone 6.13E-03
Acetonitrile 2.11E-02
Benzene 8.261-03 1.511-07
Heptane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04
Nonane
Octane
Toluene 2.61E-05
Ammonia 6.22E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 5.12E-08 5.73E-13
Ethyl Butyl Ketone 4.25E-09
Methyl Chloride 1.01F,14
Tetrahydrofuran

[Tm r0MUM > MIM EO x m,.mm0tt 
4

t44
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TABLE DA.S.11
EMISSIONS HAZARD/MEI WIK RISK/MEI WKR
Aluminum
Arsenic 4.52E-10
Boron 6.34E-10
Barium 1.88E-10
Beryllium 7.74E-14
Bismuth
Cadmium 3.73E-12
Cerium
Chromium (+3) 2.47E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TABLE D.4.512
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.IOE-11
2-Hexanone
2-Pentanone
Acetone 1.081E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.67E-11
Heprane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 6.36E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chloride 1.121-18
Tetrahydrofuran

TOTAL IN REV. C 8.-7-8E-11

TABLE D.4.5.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.615-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL IN r, V 6.76E-071
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TABLE D.4.5.14
EMISSIONS HAZARDIMEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.91E-10
2-Hexanone
2-Pentanone
Acetone 3.23E-06
Acetonitrile 1.11E-05
Benzene 4.35E-06 4.50E-11
Heptane
Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07
Nonare
octane
Toluene 1.38E-08
Ammonia 3.27E-05
Phosphoric Acid Tribiftyl Ester
Carbon Tetrachloride 2.69E-I 1.71E-16
Ethyl Butyl Ketone 2.24E-12
Methyl Chloride 3.00E-18
Tetrahydrofuran

...A. .2 ..... E

TOTAL IN REV. C 5.26E-05 _

TABLE D.4.S.15
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum
Arsenic 2.18E-10
Boron 5.36E-10
Barium 1.59E-10
Beryllium 3.72E-14
Bismuth
Cadmium 1.80E-12
Cerium
Chromium (+3) 2.09E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TOTAL IN REV. C 2.19E-10
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TABLE D.4.6.6
EMISSIONS HAZARD/MEI KR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.56E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.08E-07
Heptane
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.02E-05
Ammonia 4.801-02
Phosphoric Acid Tribityl Ester
Carbon Tetrachloride 3.95E-08 4.08E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride 7.17E-15
Tetnhydrofuran

TOTAL IN REV. C 7.71E-02

TABLE D.4.6.7
EMISSIONS HAZARD/MET WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.08E-06
2-Hexanone
2-Pentanone
Acetone 1.42E-02
Acetonitrile 4.88E-02
Benzene 1.91E-02 2.55E-07
Heptane
Methyl N-amyl Ketone 3.50E-03
N-henane 1.53E-03
Nonan
Octane
Toluene 6.05E-05
Ammonia 1.44E-01
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.18E-07 9.69E-13
Ethyl Butyl Ketone 9.83E-09
Methyl Chloride 1.70E-14
Tetrahydrofuran- :4 * X p

TR 4 R MAI &M
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TABLE D.4.6.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.97E-07
2-Hexanone
2-Pentanone
Acetone 2.041-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 4.65E-08
Heptane
Methyl N-amyl Ketone 5.OSE-04
N-hexane 2.02E-O4
Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tribityl Ester
Carbon Tetrachloride 1.71E-08 1.761-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 3.10E-15
Tetrahydrmfuran

T.<TAL1. 44E-7
TOTAL IN REV. C 3.33E-02

TABLE D.4.6.9
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.133-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TOTAL ~_ L36E

TABLE D.4.6.10
EMISSIONS HAZARD/MEI WK RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.68E-07
2-Hexanone
2-Pentanone
Acetone 6.13E-03
Acetonitrile 2.1E-02
Benzene 8.26E-03 1.10E-07
Heptane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.611-04
Nonane
Octane
Toluene 2.61E-05
Ammonia 6.22E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 5.12E08 4.19&13
Ethyl Butyl Ketone 4.25E-09
Methyl Chloride 7.36E-15
Tetrahydrofuran
WTHTAM V44.0 C" 7

I I I I
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TABLE D.4.6.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum
Antimony
Arsenic 1.58E-10
Boron 2.32E-08
Barium 1.79E-10
Beryllium 2.22E-10
Bismuth
Cadmium 1.36E-16
Cerium
Chromium (+3) 3.13E-06
Copper 3.04E-11
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TOTAL IN REV. C 3.16E-06

TABLE D.4.6.12.
EMISSIONS HAZARD/MEI WKR RISK/MEI WER
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.88E-11
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.39E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 5.26E-17
Ethyl Buryl Ketone 7.45E-13
Methyl Chloride 9.24E-19
Tetrahydrofuran

TOTAL IN REV. C 7.26E-11

TABLE D.4.6.13
EMISSIONS HAZARD/MEI WKR RISK/MEI Wk
Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL IN REV. C 6.76E-07o-
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TABLE D.4.6.14
EMISSIONS HAZARD/MEI WKCR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.40E-10
2-Hexanone
2-Pentanone
Acetone 3.23E-06
Acetonitrile 1.11E-05
Benzene 4.35E-06 3.29E-11
Heptane

Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07
Nonane
Octane
Toluene 1.38E-08
Ammonia 3.27E-05
Phosphoric Acid Tribityl Ester
Carbon Tetrachloride 2.69E-11 1.25E-16
Ethyl Butyl Ketone 2.24E-12
Methyl Chloride 2.20E-18
Tetrahydrofuran

TOTAL IN REV. C 5.26E-05

TABLE D.4.6.15

EMISSIONS HAZARD/MEI IWCR RISK/MEI WKR
Aluminum
Antimony
Arsenic 7.63E-1I
Boron 1.96E-08
Barium 1.52E-10
Beryllium 1.07E-10
Bismuth
Cadmium 6.57E-17
Cerium
Chromium (+3) 2.65E-06
Copper 2.57E-1 1
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc
TMTAN . .. E-... C E...E..
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TABLE D.4.7.6
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 5.71E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.34E-07
Heptane
Methyl N-amyl Ketone 1. 17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E.02 1
Phosphoric Acid Tribiftyl Ester
Carbon Tetrachloride 3.95E-08 5.11E-13
Ethyl Butyl Ketone 3.281-09
Methyl Chloride - 8.97E-15
Tetrahydofumran

TOTAL SHOWNINREVC 7.71E-02

TABLE D.4.7.7
EMISSIONS HAZARD/MEI WKR RISK/MEI WI
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.31E-06
2-Hexanone
2-Pentanone
Acetone 1.42E-02
Acetonitrile 4.88E-02
Benzene 1.91E-02 3.09B07
Heptane
Methyl N-amyl Ketone 3.501-03
N-hexane 1.53E-03
Nonne
Octane
Toluene 6.05E-05
Ammonia 1.44E-01
Phosphoric Acid Tributyl Ester
Carboh Tetrachloride 1.18E-07 1.17E-12
Ethyl Butyl Ketone 9.83E-09
Methyl Chloride 2.06E-14
Tetrahydrofuran

TOTAL SHOWN IN REV C
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TABLE D.4.7.8
EMISSIONS HAZARD/ME WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.46E-07
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 5.81E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-021
Phosphoric Acid Tribityl Ester
Carbon Tetrachoride 1.71E-08 2.21E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 3.88E-15
Tetrahydrofuran

TOTAL SHOWN IN REV C 3.05E-07

TABLE D.4.7.9
EMISSIONS HAZARD/MEI WKR RISKIMEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE D.4.7.10
EMISSIONS HAZARD/MEI WKR RISK/MEI WER
Carbon Monoxide
Nitrogen Oxide r
1,3-Butadiene 5.67E-07
2-Hexanone
2-Pentanone
Acetone 6.13E-03
Acetonitrile 2.11E-02
Benzene 8.26E-03 1.34E-07
Heptane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04
Nonane
Octane
Toluene 2.61E-05
Ammonia 6.22E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 5.12E-O8 5.07E-13
Ethyl Butyl Ketone 4.25E-09
Methyl Chloride 8.91E-15
Tetrmhydrofuran

TOTAL SHOWN IN REV C I 7.00E-07
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TABLE D.4.7.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum
Arsenic 3.96E-10
Boron 6.34E-10
Barium 1.8SE-10
Beryllium 6.77E-14
Bismuth
Cadmium 3.26E-12
Cerium
Chromium 2.47E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TABLE D.4.7.12
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.35E-11
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.701-06
Benzene 1.45E-06 1.73E-1I
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 6.57E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chloride 1.16E-18
Tetrahydrofuran

TABLE D.4.7.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL SHOWN IN REV C 6.76E-07
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TABLE D.4.7.14
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.69E-10
2-Hexanone
2-Pentanone
Acetone 3.23E-06
Acetonitrile 1.1_E-05
Benzene 4.35E-06 3.98&-1I
Heptane
Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07
Nonane
Octane
Toluene 1.3813-08
Ammonia 3.27E-05
Phosphoric Acid Tribiftyl Ester
Carbon Tetrachoride 2.691-11 1.51E-16
Ethyl Butyl Ketone . 2.241-12
Methyl Chloride 3.661-18
Tetrahydrofuran

TOTAL SHOWN IN REV C 5.26E-05 _

TABLE D.4.7.15
EMISSIONS HAZARDIMEI WKR RISKIMEI WKR
Aluminum
Arsenic 1.901-10
Boron 5.36E-10
Barium 1.5913-10
Beryllium 3.26E-14
Bismuth
Cadmium 1.57E-12
Cerium
Chromium (+3) 2.09E.06

Copper

Manganese
Molybdenum

Nickel
Lead
Silver
Uranium
Vanadium

Zinc
TvTA 2,9Ef M."E1
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TABLE D.4.8.6 I
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1.3-Butadiene 5.52E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.30E-07
Heptane
Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E-02 1
Phosphoric Acid Tribdtyl Ester
Carbon Tetrachloride 3.95E-08 4.93E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride . 8.67E-15
Tetrahydrofuran

TOTAL .34F~k / 4.2Kr.

TOTAL SHOWN IN REV C 7.71E-02

TABLE D.4.8.7

EMISSIONS HAZARD/MEI WKR RISK/MEI WER
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.48E-06
2-Hexanone
2-Pentanone
Acetone 1.42E-02
Acetonitrile 4.88E-02
Benzene 1.91E-02 3.50E-07
Heptane
Methyl N-amyl Ketone 3.50E-03
N-hexane 1.53E-03
Nonane
Octane
Toluene 6.05E-05
Ammonia 1.44E-01
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.18E-07 1.33E-12
Ethyl Butyl Ketone 9.83E-09
Methyl Chloride 2.33E-14
Tetrahydrofuran

W ?~(
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TABLE D.4.8.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.53E-09
2-Hexanone
2-Pentanone
Acetone 1.10E-04
Acetonitrile 3.78E-04
Benzene 1.48E-04 8.33E-10
Heptane
Methyl N-amyl Ketone 2.71E-05
N-hexane 1.18E-05
Nonane
Octane
Toluene 4.68E-07
Ammonia 1.11E-031
Phosphoric Acid Tribiftyl Ester
Carbon Tetrachloride 9.16E-10 3.16E-15
Ethyl Butyl Ketone 7.60E-11
Methyl Chloride 5.56E-17
Tetrahydrofuran

TOA Y_79E4 43%
TOTAL SHOWN IN REV C 4.37E-09

TABLE D.4.8.9
EMISSIONS HAZARD/MEl WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.38E-07
2-Hexanone
2-Pentanone
Acetone 2.04E-031
Acetonitrile 7.03E-03
Benzene 2.75E-03 5.62E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.71E-08 2.13E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 3.75E-15
Tetrahydrofuran

TOTAL .33E-M02 um,94E-m

TABLE D.4.8.10
EMISSIONS HAZARD/MEl WKR RISK/MEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

T:OTA. L3*FAS
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TABLE D.4.8.11
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.50E-05
Ammonia 4.88E-05
n-Butyl Alcohol 1.13E-04
2-Hexanone
Methyl Isobutyl Ketone 4.45E-06

T S M

TABLE D.4.8.12
EMISSIONS HAZARD/MEI WKR RISK/ME WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 6.41E-O7
2-Hexanone
2-Pentanone
Acetone 6.13E-03
Acetonitrle * 2.11E-02
Benzene 8.26E-03 1.51E-07
Heptane
Methyl N-amyl Ketone 1.51E-03
N-hexane 6.61E-04
Nonane
Octane
Toluene 2.61E-05
Ammonia 6.22E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 5.12E-08 5.73E-13
Ethyl Butyl Ketone 4.25E-09
Methyl Chloride 1.01E-14
Tetrahydrofuan

TABLE D.4.8.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.53E-09
2-Hexanone
2-Pentanone
Acetone 4.74E-05
Acetonitrile 1.63E-04
Benzene 6.39E-05 3.60E-10
Heptane
Methyl N-amyl Ketone 1. 17E-05
N-hexane 5.11E-06
Nonane
Octane
Toluene 2.02E-07
Ammonia 4.81E-04
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 3.96E-10 1.37E-15
Ethyl Butyl Ketone 3.29E-11
Methyl Chloride 2.40E-17
Tetrahydrofuran

TOTAL SHOWN IN REVC 7.7CE-_4|_
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TABLE D.4.8.14

EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum
Arsenic 4.52E-10
Boron 6.34E-10
Barium 1.88E-10
Beryllium 7.74E-14
Bismuth
Cadmium 3.73E-12
Cerium
Chromium (+3) 2.47E-06
Copper
Manganese
Molybdenum
Nickel
Lead __________

Silver
Uranium *
Vanadium
Zinc

TABLE DA.8.15
EMISSIONS HAZARDI/MEI WKR RISK/MEl WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.10E-11
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.67E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E-07
Nonane
Octane
Toluene 4.58E-09
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.97E-12 6.36E-17
Ethyl Butyl Ketone 7.45E-13
Methyl Chloride 1.12E-18
Tetrahydrofuran

TOTAL SHOWN IN REV C 8.78E-11

TABLE DA.8.16

EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08
Ammonia 1.82E-07
n-Butyl Alcohol 4.22E-07

2-Hexanone

Methyl Isobutyl Ketone 1.66E-08
.T 06.7 /p

TOTAL SHOWN IN REV C 6.76E-07
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TABLE D.4.8.17
EMISSIONS HAZARD/ME WKR RISK/MEI WKR
Acetone 7.46E-07
Ammonia 2.43E-06
n-Butyl Alcohol 5.61E-06
2-Hexanone
Methyl Isobutyl Ketone 2.21E-07

TOTAL SHOWN IN REV C 9.OOE-06

TABLE DA.S.18
EMISSIONS HAZARD/ME WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.91E-10
2-Hexanone
2-Pentanone
Acetone 3.23E-06
Acetonitrile 1.1IE-05
Benrene 4.35E-06 4.50E-l1
Heptane
Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07
Nonane
Octane _ _ _ _

Toluene 1.38E-08
Ammonia 3.27E-051
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 2.69E-11 1.71E-16
Ethyl Butyl Ketone 2.24E-12
Methyl Chloride 3.00E-18
Tetrahydrofuran

TOTAL SHOWN IN REV C 5.26E-05
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TABLE D.4.8.19
EMISSIONS HAZARD/MEI WK RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 4.13E-13
2-Hexanone
2-Pentanone
Acetone 2.27E-08
Acetonitrile 7.80E-08
Benzene 3.05E-08 9.74E-14
Heptane ]
Methyl N-amyl Ketone 5.60E-09
N-hexane 2.44E-09
Nonane
Octane
Toluene 9.67E-11
Ammonia 2.30E-07 I
Phosphoric Acid Tribdtyl Ester
Carbon Tetrachloride 1.89E-13 3.70E-19
Ethyl Butyl Ketone 1.57E-14
Methyl Chloride 6.50E-21
Tetrahyd rofu ran

TOTAL SHOWN IN REV C 3.70E-07 S.IIE-13

TABLE D.4.8.20
EMISSIONS HAZARD/MEI WKR RISKJMEI WKR
Aluminum
Arsenic 2.18E-10
Boron 5.36E-10
Barium 1.59E-10
Beryllium 3.72E-14
Bismuth
Cadmium 1.80E-12
Cerium
Chromium (+3) 2.09E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TOTAL O...N .R .C2. EO
TOTALSHOW IN EV C2.19E-10
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[TABLE D4.6 1
EMISSIONS HAZARD/MEI WKR - RISK/MEl WKR
Carbon Monoxide
Nitrogen Oxide
I,3-Buradiene 1.90E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 4.49E-08
Heptane __ ___

Methyl N-amyl Ketone 1.17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.02E05
Anunonia 4.80E-02
Phosphoric Acid Tribtftyl Ester
Carbon Tetrachloride 3.95E-08 1.70E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride 2.99E-15
Tetrahydrofuran

TOTAL SHOWN IN REV C 7.7IE-02

TABLE D.4.9.7
EMISSIONS HAZARDMEI WKR RISKIMEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.26E-07
2-Hexanone
2-Pentanone
Acetone 5.61E-03
Acetonitrile 1.93E-02
Benzene 7.55E-03 5.32E-08
Heptane
Methyl N-amyl Ketone 1.39E-03
N-hexane 6.02E-04
Nonane
Octane
Toluene 2.38E-05
Ammonia 5.73E-04
Phosphoric Acid Tributyl Ester

.R; {RM 0 I IlREA MMMzm
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TABLE D.4.9.8
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 8.23E-08
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E3-03
Benzene 2.75E-03 1.94E-08
Heptane
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane
Octane
Toluene 8.71E-06
Anunonia 2.07E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.71E-08 7.36E-14
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 1.29E-15
Tetrahydrofuran

TABLE D.4.9.9
EMISSIONS HAZARD/MEI WER RISK/MEI WER
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE D.4.9.10

EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 9.78E-08
2-Hexanone
2-Pentanone
Acetone 2.42E-03
Acetonitrile 8.34E-03
Benzene 3.26E-03 2.30E-08
Heptane
Methyl N-amyl Ketone 5.98E-04
N..hexane 2.60E-04
Nonane
Octane
Toluene 1.03E-05
Ammonia 2.48E-04
Phosphoric Acid Tnbuty Ester

TOALI IE02L2%0
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TABLE D.4.9.11 -
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Aluminum
Arsenic 1.89E-10
Boron 6.34E-10
Barium 1.88E-10
Beryllium 3.23E-14
Bismuth
Cadmium 1.56E-12
Cerium
Chromium (+3) 2.47E-06
Copper
manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zine

TOTAL SHOWN IN REV C 1.90E-10

TABLE D.4.9.12
EMSSIONS HAZARD/MEX WKR RISK/MEI WKRM
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.45E3-11
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E3-06 5.771-12
Heptane
Methyl N-amyl Ketone 2.65E-07 /
N-hexane 1. 16E3-07
Nonane
Octane
Toluene . 4.58E-09 1
Ammonia 1.09E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 8.9713-12 2.19E3-17
Ethyl Butyl Ketone 7.45E3-13
Methyl Chloride 3.85E-19

Tetraydrofura

TABLE D.4.9.13
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 5.61E-08
Ammronia 1.82E3-07
n-Butyl Alcohol 4.22E3-071
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL SHOWN IN REV C 6.76E-07
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TABLE D.4.9.14
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.91E-11
2-Hexanone
2-Pentanone
Acetone 1.28E-06
Acetonitrile 4.39E-06
Benzene 1.72E-06 6.84E-12
Heptane
Methyl N-amyl Ketone 3.15E-07
N-hexane 1.37E-07
Nonane
Octane
Toluene 5.40E-09
Ammonia 1.30E-07
Phosphoric Acid Tribiltyl Ester

TOTAL SHOWN IN REV C 7.96E-06 3.60E-11

TABLE D.4.9.15
EMISSIONS HAZARD/MEI WKR RISKJMEI WKR
Aluminum
Arsenic 9.07E-11
Boron 5.36E-10
Barium 1.59E-10
Beryllium 1.55E-14
Bismuth
Cadmium 7.48E-13
Cerium
Chromium (+3) 2.09E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TOTAL SHOWN IN REV C 9.14E-11
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TABLE D.4.9.21
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 3.52E-07
2-Hexanone
2-Pentanone
Acetone 4.73E-03
Acetonitrile 1.63E-03
Benzene 6.37E-03 1.30E-07
Heptane
Methyl N-amyl Ketone 1. 17E-03
N-hexane 5.10E-04
Nonane
Octane
Toluene 2.02E-05
Ammonia 4.80E-02
Phosphoric Acid Tribulyl Ester
Carbon Tetrachloride 3.95E-O8 4.93E-13
Ethyl Butyl Ketone 3.28E-09
Methyl Chloride .67E-1S
Tetrahydrofuiran L _R

TOTAL SHOWN IN REV C 7.71E-02 6.82E-07

TABLE D.4.9.22
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.48E-06
2-Hexanone
2-Pentanone
Acetone 1.42E-02
Acetonitrile 4.88E-02
Benzene 1.91E-02 3.50E-07
Heptane
Methyl N-amyl Ketone 3.50E-03
N-hexane 1.53E-03
Nonane
Octane
Toluene 6.05E-05
Ammonia 1.44E-01
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 1.ISE-07 1.33E-12
Ethyl Butyl Ketone 9.83E-09
Methyl Chloride 2.33E-14
Tetrahydrofuran

-GE>'NAM+-\.
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TABLE D.4.9.23
EMISSIONS HAZARD/ME! WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 2.38E-07
2-Hexanone
2-Pentanone
Acetone 2.04E-03
Acetonitrile 7.03E-03
Benzene 2.75E-03 5.62E-08
Heptane,
Methyl N-amyl Ketone 5.05E-04
N-hexane 2.20E-04
Nonane
Octane
Toluene 8.71E-06
Ammonia 2.07E-02
Phosphoric Acid Tribityl Ester
Carbon Tetrachloride 1.71E-08 2.13E-13
Ethyl Butyl Ketone 1.42E-09
Methyl Chloride 3.75E-15
Tetrahydrofuran

..... ....... V

TABLE D.4.9.24
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Acetone 1.13E-06
Ammonia 3.65E-06
n-Butyl Alcohol 8.48E-06
2-Hexanone
Methyl Isobutyl Ketone 3.34E-07

TABLE DA.9.25
EMISSIONS HAZARDIMEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 6.41E-07
2-Hexanone
2-Pentanone
Acetone 6.13E-03
Acetonitrile 2.11E-02
Benzene 8.26E-03 1.51E07

Heptane
Methyl N-amyl Ketone 1.S1E-03
N-hexane 6.61E-04
Nonane
Octane
Toluene 2.61E-05
Ammonia 6.22E-02
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 5.12E-08 5.73E-13
Ethyl Butyl Ketone 4.25E-09
Methyl Chloride 1.O1E-14

TetrahyrofVIM
ToTAL939E02 79RIM
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TABLE DA.926
EMISSIONS HAZARD/MEI WKR RISK/MEr WKR
Aluminum
Arsenic 1.89E-10
Boron 6.34E-10
Barium 1.88E-10
Beryllium 3.23E-14
Bismuth
Cadmium I.56E-12
Cerium
Chromium (+3) 2.47E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TABLE D.4.9.27
EMISSIONS HAZARD/MEl WKR RISK/MET WKR
Aluminum
Arsenic 4.52E-10
Boron 6.34E-10
Barium 1.88E-10
Beryllium 7.74E-14
Bismuth
Cadmium 3.73E-12
Cerium
Chromium (+3) 2.47E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc

TML,4E 4.66F24
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TABLE D.4.9.28
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 7.10E-l
2-Hexanone
2-Pentanone
Acetone 1.08E-06
Acetonitrile 3.70E-06
Benzene 1.45E-06 1.67E-11
Heptane
Methyl N-amyl Ketone 2.65E-07
N-hexane 1.16E07
Nonane
Octane
Toluene 4.58109
Ammonia 1.09&05
Phosphoric Acid Tribiltyl Ester
Carbon Tetrachloride 8.971-12 6.361-17
Ethyl Butyl Ketone 7.451-13
Methyl Chloride 1.12E-18
Tetrahydrofuran

TOTAL SHOWN IN REV C 8.78E-11

TABLE D.4.9.29
EMISSIONS HAZARD/MEl WKR RISK/MEI WKR
Acetone 5.611-08
Ammonia 1.821-07
n-Butyl Alcohol 4.22-07
2-Hexanone
Methyl Isobutyl Ketone 1.66E-08

TOTAL SHOWN IN REV C 6.76E-07
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TABLE D.4.9.30
EMISSIONS HAZARD/MEI WKR RISK/MEI WKR
Carbon Monoxide
Nitrogen Oxide
1,3-Butadiene 1.91E-10
2-Hexanone
2-Pentanone
Acetone 3.23E-06
Acetonitrile 1.11E-05
Benzene 4.33E-06 4.50E-1 1
Heptane
Methyl N-amyl Ketone 7.96E-07
N-hexane 3.48E-07
Nonane-
Octane
Toluene I.38E-O8
Ammonia 3.27E-05
Phosphoric Acid Tributyl Ester
Carbon Tetrachloride 2.69E-11 1.71E-16
Ethyl Butyl Ketone 2.241-12
Methyl Chloride 3.00E-18
Tetrahydrofuran

TOTAL SHOWN IN REV C 5.26&05

TABLE DA.9.31
EMISSIONS HAZARD/MEIWKR RISK/MEI WKR
Aluminum
Arsenic 2.18E-10
Boron 5.36E-10
Barium 1.59E-10
Beryllium 3.72E-14
Bismuth
Cadmium 1.80E-12
Cerium
Chromium(+3) 2.09E-06
Copper
Manganese
Molybdenum
Nickel
Lead
Silver
Uranium
Vanadium
Zinc
TOTAL .SHOWN ...... .. 2......

TOTAL SHOWN IN REV C 2.19E-10
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CONFIRMATION OF TOTALS FOR TABLE D.6.4.2

EVAPORATOR 1 MOUSE COYOTE DEER HAWK SHRIKE
Cs-137 5.93E-12 1.29E-12 2.201-13 1.04E-12 4.33E-12

H-3 1.81E-10 3.10E-11 5.32E-12 2.69E-1 I 1.32E-10
1-129 1.22B-12 1.69E-13 2.89E-14 2.O0E-13 8.91-13
Sr-90 2.01E-11 2.00E-12 3.42-13 2.98E-12 1.47E-11

TOTVE 2 F& OWN? .E

EVAPORATOR2 MOUSE COYOTE DEER HAWK SHRIKE

Cs-137 1.941312 4.OOE-13 6.84E-14 3.24E-13 1.35E-12
H-3 1.041-11 1.78E-12 3.06E-13 1.54E-12 7.601-12
1-129 1.22E-12 1.692-13 2.89E-14 2.001-13 8.91E-13
Sr-90 5.831-12 5.80E-13 9.93E-14 8.66E-13 4.261-12

TOTAL IN REV C 5.02E-13

OPERATIONS PHASE MOUSE COYOTE DEER HAWK SHRIKE
Cs-137 3.101-10 6.72E-11 1.15E-11 5.44H-11 2.262-10
1-129 1.051-11 1.452-12 2.481-13 1.72E-12 7.65E-12
Sr-90 8.221110 8.182-11 1.40E-11 1.222-10 6.01F,10

TOTAL IN REV C 2.58E-

OPERATIONS PHASE MOUSE 1COYOTE DEER HAWK SHRIKE
Cs-137 1.12E-13 2.43E-14 4.17E-15 1.97E-14 8.20E-14
1-129 3.80E-15 5.24E-16 8.98E-17 6.23E-16 2.77E-15
Sr-90 2.98E-13 2.96E-14 5.08E-15 4.42E-14 2.18E-13

-TOTAL IN 4EV .44E-14 ..461 3
_____TTA L IN R EV C .E-4 |.4-4
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|CONFIRMATION OF TOTALS TABLE D.6.4.6

,SOURCE FISH CRAWDAD DUCK-p DUCK-f HERON MUSKRAT
300 Year Maximum
INTERNAL 3.1007 3.601B-07 2.90-07 8.701-07 5.60E-07 2.90-07
IMMERSION OR SURFACE 3.60E-I10 1.80B-to 2.001-10 2.001-10 5.40E1 1.1B-10
SEDIMENT 9.50E-12 1.9011 3.80E-12 3.80E-12 5.70E-12 5.70E-12

. . .... . .... .. .

SOURCE FISH CRAWDAD IDUCK-p DUCK-r HERON MUSKRAT
500 Year Maximm I
INTERNAL 4.2013-07 4.30E3-07 4.80-07 1.20E-06 7.7013-07 4.80E-07
IMMERSION OR SURFACE 2.601313 1.30-13 1.40E13 1.40E-13 3.90E-14 7.90E-14
SEDIMENT 7.50E-12 1.50E-l- 3.00 3.OOE-12 4.501-12 4.501B-12

I L 1%L
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CONFIRMATION OF TOTALS -TABLE D.6.4.7
MINIMUM DOSE _

RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 4.351-09 4.24E10 7.26E3-11 6.47E-10 3.181-09
C-14 1.133-04 1.121-05 1.92E-06 1.67E-05 8.24-05
Cs-137 4.121-05 8.93E-06 1.531-06 7.24E-06 3.01E35
1-129 1.25E-05 1.731-06 2.97E-07 2.06E-06 9.17E-06
Pu-239 4.46E-10 4.431-11 7.59E-12 6.62E-11 3.26E-10
Pu-240 4.46E-10 4.44-11 7.611312 6.63E-11 3.262-10
Ru-106 2.54E-13 2.741-14 4.701-15 3.83E-14 1.861-13
Sm-151
Sr-90 1.25-04 1.241-05 2.121-06 1.853-05 9.101-05
Tc-99 5.81E-11 5.781312 9.89E-13 8.62E-12 4.24E-11
Zr-93

TOTAL IN REV C 2.91E-04

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 7.12E-04 6.953-05 1.19-05 1.06E-04 5.21E-04
C-14 1.85E+01 1.84E+00 3.15-01 2.74E+00 1.35E+01
Cs-137 6.75E+00 1.461+00 2.511-01 1.192+00 4.93E+00
1-129 2.06E+00 2.84H-01 4.86E-02 3.373-01 1.50E+00
Pu-239 7.30E-05 7.26E-06 1.24-06 1.081-05 5.341305
Pu-240 7.32-05 7.281-06 1.25E-06 1.0913-05 5.35E-05
Ru-106 4.17F,08 4.491-09 7.702-10 6.28E-09 3.051-08
Sm-151
Sr-90 2.042+01 2.03E+00 3.48E-01 3.03E+00 1.49E+01
Tc-99 9.51E-06 9.471-07 1.622-07 1.413-06 6.951-06
Zr-93

m v'mom.________HIM

_ _ TOTAL IN REV C M o.62E+0 9.62E-D

5.230|' 96EO
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CONFIRMATION OF TOTALS - TABLE D.6.4.8
IN SITU CHEM -6 YRS
MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1.46B-12 1.421-13 2.44E-14 2.171-13 1.07E-12
C-14 2.72E-14 2.71E-15 4.641-16 4.04E-15 1.999!14
Cs-137 9.692-09 2.10E-09 3.601-10 1.70E-09 7.08E-09
1-129 9A5E-16 1.31E-16 2.24E-17 1.55E-16 6.90E-16
PU-239 . 2.21E-13 2.20E-14 3.77E-15 3.29E-14 1.62E-13
Pu-240 2.22E-13 2.21E-14 3.78E-15 3.29E-14 1.62E-13
Ru-106 2.02E-19 2.181-20 3.73E-21 3.04E-20 1.47E-19
Sm-151
Sr-90 4.51H-08 4.49E-09 7.69E-10 6.701-09 3.302-08
Tc-99 2.17E-14 2.16E-15 3.70E-16 3.23E-15 1.59E-14
Zr-93

TOTAL IN REV C _.41E-09

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 2.391-07 2.33E-08 4.00E-09 3.56E-08 1.75E-07
C-14 4.461-09 4.44E-10 7.61-11 6.63E-10 3.26E-09
Cs-137 1.59E-03 3.44E-04 5.90E-05 2.79E-04 1.16E-03
1-129 1.55E-10 2.14E-1I 3.66E-12 2.54E-11 1.13E-10
Pu-239 3.63E-08 3.613-09 6.18-10 5.39E-09 2.65E-08
Pu-240 3.63-08 3.62E-09 6.19E10 5.40E-09 2.66E-08
Ru-106 3.31E-14 3.56E-15 6.10E-16 4.98E-15 2.42E-14
Sm-151 1 1 1 1SIS
Sr-90 7.40E-03 7.36E-04 1.26-04 1.10E-03 5.411-03
Tc-99 3.56E-09 3.54E-10 6.07B-11 5.29E-10 2.60E-09
Zr-93
T..99 F.. I&I ON

-- i |
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|CONFIRMATION OF TOTALS - TABLE D.6.4.8 (coat)
IN SITU FILL AND CAP- 14 YRS
MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1.52E-12 1.A81-13 2.53E-14 2.25E-13 1.1E-12
C-14 2.74E-14 2.721-15 4.661-16 4.061-15 2.00E-14
Cs-137 9.69E-09 2.101-09 3.601-10 1.701309 7.081-09
1-129 9.281-16 1.281-16 2.201-17 1.52E-16 6.782-16
Pu-239 2.18E-13 2.17E-14 3.721-15 3.241-14 1.591-13 1
Pu-240 2.19-13 2.18-14 3.731-15 3.25E-14 1.601-13 1
Ru-106 1.991-19 2.15-20 3.68E-21 3.002-20 1.46E-19
Sm-151
Sr-90 4.601-08 4.571-09 7.831-10 6.82E-09 3.36E-08
Tc-99 2.21E-14 2.201-15 3.761-16 3.28E-15 1.61E-14
Zr-93 _____

ITOTAL IN REV C 5.56E-08 8.53E-09,

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 2.48E-07 2.42E-08 4.15E-09 3.691308 | 1.811-07
C--14 4.481-09 4.46-10 7.64E-11 6.66E-10 | 3.281-09
Cs-137 1.59H-03 3.44-04 5.90E-05 2.791-04 1 [.16E-03
1-129 1.521310 2.10-11 3.601-12 2.491-11 _ 1.111-t10
Pu-239 3.58E-08 3.56-09 6.091-10 5.31-09 2.611-08
Pu-240 3.58E-08 3.56-09 6.101-10 5.321-09 2.621-08
Ru-106 3.272-14 3.521-15 6.031-16 4.92E-15 2.391-14 -
Sm-151 I
Sr-90 7.531-03 7.492-04 1.281-04 1.122-03 1 5.501-031
Tc-99 3.621-09 3.60E-10 6.161-11 5.37E-10 2.64F-09
Zr-93

0.~T 1" MAN N oai

. . . . . . . . . . . . . .-. .
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CONFIRMATION OF TOTALS - TABLE D.6.4.8 (tont)
IN S17U VIT - 9 YRS
MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1.48E-12 1.44E-13 2.47E-14 2.20E-13 1.08E-12
C-14 2.72E-14 2.71-15 4.64E-16 4.04E-15 1.99E014
Cs-137 9.53E-09 2.07F,09 3.54E-10 1.68E-09 6.97E-09
1-129 9.18F,16 1.27E-16 2.17E-17 1.51E-16 6.71E-16
Pu-239 2.21E-13 2.20H-14 3.77E-15 3.292,14 1.62-13
Pu-240 2.22E-13 2.21E-14 3.78E-15 3.29E-14 1.62E-13
Ru-106 1.99E-19 2.14E-20 3.67H,21 2.991-20 1.45F,19
Sm-151
Sr-90 4.51E-08 4.49E-09 7.69-10 6.70E-09 3.30E-08
TC-99 2.21E-14 2.20E-15 3.77E-16 3.28-15 1.62E-14

TTA L IN R EV 5.47E-08

MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE IDEER HAWK SHRIKE
Am-241 2.42E-07 2.36E-08 4.04-09 3.60E-08 1.77H-07
C-14 4.46E-09 4.44E-10 7.61-11 6.63E-10 3.26E-09
Cs-137 1.56-03 3.39E-04 5.80E-05 2.75E-04 1.14E-03
1-129 1.502-10 2.082-11 3.56E-12 2.47E-11 1.10E-10
Pu-239 3.63E-08 3.61E-09 6.18-10 5.39E-09 2.65E-08
Pu-240 3.63E-08 3.62E-09 6.19-10 5.402-09 2.66E-08
Ru-106 3.26E-14 3.51E-15 6.02-16 4.91E-15 I 2.38E-141

Sr-90 7.40-03 7.36E-04 1.26E-04 1.10E-03 5.41E-03
TC-99 3.62E-09 3.61E-10 6.18-1I 5.38-10 2.652-09

TOTAL IN REVC 1.0-7E-03 1.37E-03

__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.
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CONFIRMATION OF TOTALS - TABLE D.6.4.9
MINIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 7.442-09 7.261-10 1.24E-10 1.112-09 5.441-09
C-14 1.93E-04 1.92E-05 3.29-06 2.871305 1.41E-04
Cs-137 5.061-05 1.10-05 1.88E-06 8.902-06 3.70E_5
1-129 2.15E-05 2.97E-06 5.091-07 3.53E-06 1.57E-05
Pu-239 7.69E-10 7.65E-1. 1.31E-11 1.141-10 5.621-10.
Pu-240 7.701-10 7.66-11 1.31F,11 1.14E-10 5.6301-10
Ru-106 4.36E-13 4.701-14 8.052-15 6.57E-14 3.19H-13
Sm-151
Sr-90 2.131-04 2.12H-05 3.63E-06 3.16-05 1.561-04
Tc-99 1.00-10 9.951-12 1.70E-12 1.49E3-11 7.31E-11
Zr-93

4m0m, 44o 1E v " I M04
MAXIMUM DOSE
RADIONUCLIDE MOUSE COYOTE DEER HAWK SHRIKE
Am-241 1.22E-03 1.191-04 2.04E-05 1.813-04 8.91E-04 -- ---
C-14 3.17E+01 3.15E+00 5.40H-01 1 4.70E+00 2.32E+01
Cs-137 8.29E+00 I 1.80E+00 3.08E-01 1.46E+00 6.06E+001
1-129 3.52E+00 I 4.87E-01 8.34E-02 5.78E-01 2.58E+00
Pu-239 1.261-04 1 1.251-05 2.15E-06 1 1.871-05 9.202-05
Pu-240 1.26E-04 1.261-05 2.15E-06 1.871-05 9.221305
Ru-106 7.15F08 7.70E-09 1.32E-09 1.081-08 5.221-08
Sm-151
Sr-90 3.49E+01 3.47E+00 5.94E-01 5.18E+00 2.551+01
Tc-99 1.64E-05 1.63E-06 2.79-07 2.43E-06 1.201-05
Zr-93 7

#~bKIM.~rv~ _V.4 - ____
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CONFIRMATION OF TOTALS - TABLE D.7.1.1
RADIONUCLIDE 1WSS 2WSS lESS 2ESS 4ESS 3WDS 3EDS SEDS
Ac-225 7.43E-12 1.15E11 2.60E-11 2.42-11 4.89E-11
Ac-227 2.23E-08 1.71E-08 3.81E-08 1.67E-08 4.77E-09
Am-241 7.32E-03 3.80E-02 3.22E-02 1.05E-01 7.96E-02 6.83E-01 9.19E-01 6.13E-03
Am-242 1.15E-05 7.75E-05 8.102)05 2.15E-04 1.49E-04
Am-242m 1.16E-05 7.79E-05 8.14E-05 2.16E-04 1.50E-04
Am-243 4.37E-06 3.132-05 412E-05 1.25E-04 5.38E-05
At-217 7.43E-12 1.15E-11 2.60E1I 2.42&.11 4.89E-11
Ba-137m 3.64E+00 1.51E+01 1.52E+01 1.36E+00 2.35E+00 2.10E+02 3.42E+02 4.79E+01
Bi-210 6.46E-14 4.65E-14 5.77E-14 7.56E.14 4.85E-14
Bi-211 2.23E-08 1.71E-08 3.81E-08 1.672-08 4.77E-09
Bi-212

Bi-213 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89E-11
Bi-214 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
C-14 1.22E-03 1.96-03 7.88E-03 2.31E03 3.13E-03 4.63E-05 3.64E-02 6.44E-05
Cm-242 9.56E-06 6.432-05 6.72E-051 1.78E-04 1.24-04
Cm-244 1.39E-05 9.572-05 2.16E-04 5.75E-04 1.24E-04
Cm-245 8.95E-10 6.98E-09 1.65E-08 4.41E-08 9.50E-09
Cs-135 8.90E-05 2.72E-04 2.27-04 1.73E-05 3.67-05
Cs-137 3.84E+00 1.60E+01 1.61E+01 1.44E+00 2.49E+00 2.10E+02 3.42E+02 4.79E+01
Eu-154 2.512-02 1.15E+00 6.55E-03
Fr-221 7.43E-12 1.15E-11 2.60E-11 2.422-11 4.89E-11
Fr-223 3.08E-10 2.352-10 5.25E-10 2.31E-10 6.58E-11
1-129 7.32E-06 1.76E-05 3.94E-05 6.43E-06 2.95E-06
Nb-93m 3.68E-04 2.71E-03 1.60E-03 4.36E-03 2.59-02
Ni-59 6.84H-03 1.43E-02 -

Ni-63 2.94E-02 1.95E-01 2.28E-01 6.32E-01 1.88E+00
Np-237 3.562-05 4.41E-05 2.13E-04 3.63E-06 7.72E-06 2.18E-05 7.05E-04 1.75E-06
Np-238 5.51F,08 3.71E-07 3.88E-07 1.03E-06 7.14E-07
Np-239 4.37E-06 3.13E-05 4.12E-05 1.25E-04 5.382-05
Pa-231 4.14E-08 2.932-08 6.57E-08 3.64E-08 1.10E-08
Pa-233 3.562-05 4.41E-05 2.13E-04 3.63E-06 7.72E-06
Pa-234 1.18E-06 4.152-07 1.12E-06 [.112-06 4.55E-07
Pa-234m 7.402-04 2.592-04 7.022-04 6.952-04 2.84E-04
Pb-209 7.43E-12 1.15E-11 2.60E-11 2.42E-11 4.89-11
Pb-210 6.46E-14 4.65E-14 5.77E-14 7.56E-14 4.85-14
Pb-211 2.232-08 1.71E-08 3.812-08 1.67E-08 4.77-09
Pb-214 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Pd-107 3.89E-05 9.32-05 2.13E-04 3.94F,05 1.68E-05
Po-210 6.46E-14 4.65E-14 5.77E-14 7.56E-14 4.85-14
Po-211 6.09E-11 4.66E-11 1.04E-10 4.56E-11 1.30E-lI
Po-213 7.27E-12 1.13E-11 2.54E-11 2.362-11 4.78E-11
Po-214 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72-13
Po-215 2.23E-08 1.71E-08 3.812-08 1.67E-08 4.77E-09
Po-218 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Pu-238 9.032-04 1.192-03 7.96E-04 2.14E-03 3.85-03 6.04E-02 2.67E-03 2.40E-03
Pu-239 8.96E-03 1.44E-02 1.25-02 5.21E-02 7.91-02 1.23E.01 7.74E-02 1.57E-02
Pu-240 1.76E-03 3.17E-03 2.99E-03 1.33E-02 2.02E-02 4.382-02 1.992-02 4.42-03
Pu-241 1.69M02 2.552-02 3.642-02 1.42E-01 1.91E-01 1.06E+00 1.69E-01 1.27E-01
Pu-242 5.71&11 3.84E-10 4.01E-10 1.062-09 7.39-10
Ra-223 2.23E-08 1.71-08 3.81E-08 1.67E-08 4.77E-09
Ra-225 7.43E-12 1.152-11 2.602-11 2.42E-11 4.89E-11
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Ra-226 2.62E-13 2.01E-131 2.24E-131 3.21E-13 2.72E-131
Rh-106 2.63E-10 6.79E-08 3.55E-07 1.05E-06 6.83E-061
Rn-219 2.23E-08 7IE-08 3.81E-08 1.67E-08 4.77E-09
Rn-222 2.62E-13 2.01E-13 2.24E-13 3.21E-13 2.72E-13
Ru-106 2.63E-10 6.79E-08 3.55E-07 L.OSE-06 6.83E-06
Sb-126 3.42E-05 9.33-5 2.89E-05 1.50E-04 6.19E-04
Sb-126m 2.44E-04 6.66E-04 2.06E-04 1.07E-03 4.42E-03
Se-79 4.18E-04 h.OlE-03 2.24E-03 3.48E-04 1.64E-04
Sm-151 2.69E-01 7.37E-01 2.36E-01 1.09E+00 4.27E+00
Sn-126 2.44E-04 6.66E-04 2.06E-041 1.07E-03 4.42E-03
Sr-90 6.46E+00 5.73E+01l 3.58E+01 5.27E+01 3.27E+02
Tc-99 5.04E-03 1.21E-02 2.71E-02 4.23E-03 ISSE-03
Th-227 2.20E-08 1.68E-08 3.76E-08 1.65E-08 4.70E-09
Th-229 7.43E-12 1.15E-1i 2.60E-11 2.42E-11 4.89E-11
Th-230 3.87E-1I 3.15E-1I 3.23E-1I 4.86E-11 5.36E-11
Th-231 3.11E-05 1.17E-05 2.98E-05 3.02E-05 1.20F-05
Th-232 7.95E-20 1.43E-19 1.35E-19 6.02E-19 9.08E-19
Th-234 7.40E-04 2.59E-04 7.02E-04 6.95E-04 2.84E-04
T1-207 2.22E-08 1.70E-08 3.80E-081 1.67E-08 4.76E-09
71-209 1.60E-13 2.49E-13 5.61E-13 5.22E-13 1.06E-12
U-233 5.16E-09 7.02E-09 2.54E-08 8.69E-09 2.03E-08
U-234 2.11E-07 1.84E-07 1.86E-07 3.27E-07 4.34E-07
U-235 S.lE-05 1.17E-05 2.98E-05 3.02E-05 1.20E-05
U-236 9.31E-10 1.67E-09 1.58E-09 7.04E-09 1.06E-08
U-237 4.13E-07 6.24E-07 8.92E-07 3.48E-06 4.68E-06
U-238 7.40E-04 2.59E-04 7.02E-04 6.95E-04 2.84E-041
Y-90 6.52E+00 5.80E+01 3.62E+01 5.33E+01 3.30E+02 3.50E+00 1.72E+02 8.56E-01
Zr-93 1.95E-04 3.20E-03 1.04E-03 6.06E-03 3.94E-021

TOTAL IN REV C 6.69E+02 4.30E+02 1.03E+03 9.77E+01
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CONFIRMATION OF TOTALS - TABLE D.7.1.2
RADIONUCLIDE INVENTOR RADIONU INVENTOR RADIONU INVENTORY
Ac-225 6.63E-12 Pa-234 2.57E-07 Rn-220 1.25E-20
Ac-227 7.42E-09 Pa-234m 1.60E-04 Rn-222 9.03E-14
Am-241 3.07E-01 Pb-209 6.63E-12 Ru-106 1.27E-08
Am-242 2.29E-05 Pb-210 2.40E-14 Sb-126 2.94E-05
Am-242m, 2.29E-05 Pb-211 7.49E-09 Sb-126m 2.10E-04
Am-243 I.11E-05 Pb-212 1.25E-20 Se-79 3.05E-04
At-217 6.63E-12 Pb-214 9.03E-14|Sm-151 2.11E-01
Ba-137m 1.IIE+OI Pd-107 2.90E-OS|Sn-126 2.10E-04
Bi-210 2.40E-14 Po-210 2.40E-14 Sr-90 1.79E+01
Bi-211 7.42E-09 Po-211 2.02E-11 Tc-99 1.08E-02
Bi-212 1.25E-20 Po-212 7.98E-21 Th-227 7.32E-09
Bi-213 6.63E-12 Po-213 6.49E-12 Th-228 1.25E-20
Bi-214 9.03F-14 Po-214 9.03E-14 Th-229 6.63E-12
Cm-242 1.90E-05 Po-215 7.42E-09 Th-230 1.31E-11
Cm-244 3.96E-05 Po-216 1.25E-20 Th-231 6.90&E-06
Cm-245 3.49E-09 Po-218 9.03H-14 Th-232 2.15E-19
Cs-135 4.86E-05Pu-238 3.615-04ITh-234 1.60E-04
Cs-137 1.17E+01 Pu-239 8.83E-03 1-207 7.39E-09
Fr-221 6.63E-12 Pu-240 2.24-03 71-208 4.48E.21
Fr-223 1.02H-10 Pu-241 2.51E-02 TI-209 1.44E-13
Nb-93m 1.07E-03 Pu-242 1.45E-10 U-233 4.03E-09
Ni-59 1.68E-03 Ra-223 7.42E-09 U-234 7.09-08
Ni-63 9.005-02 Ra-224 1 .25E-20 U-235 6.90E-06
Np-237 2.33E-05 Ra-225 6.63E-12 U-236 9.64E-10
Np-238 1.09E-07 Ra-226 9.03E-14 U-237 2.91E-07
Np-239 1.11105|Ra-228 2.48E-20 U-238 1.605-03
Pa-231 1.27&08 Rh-106 1.27-08 Y-90 1.79E+01
Pa-233 2.33E-05 Rn-219 7.42E-09 Zr-93 1.32-03
SUBTOTAL 2.32E+01 .3.60E+01

TOTAL IN REV C 3.62E+04

TOTALINREV CSIGNIFICANTLYDIFFERENT-
ORIGINAL INPUT RESEARCHED - TOTAL CORRECTED
TO REFLECT ORIGINAL EXCEL TABLE
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CONFIRMATION OF TOTALS - TABLE D.7.1.3
RADIONUCLIDE iWSS 2WSS 1ESS 2ESS 4ESS 3WDS 3EDS 5EDS
Ac-225 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Ac-227 2.23-10 1.71E-10 3.812-10 1.67E-10 4.77E-11
Am-241 7.32E-05 3.80E-04 3.22E-04 1.05E-03 7.96-04 6.83E-03 9.19E-03 6.13E-05
Am-242 1.15E-07 7.75-07 8.10E-07 2.15E-06 1.49E-06
Am-242m 1.16E-07 7.79E-07 8.14B-07 2.16E-06 1.50E-06
Am-243 4.37E-08 3.13E-07 4.12E-07 1.25E-06 5.38E-07
At-217 7.432-14 1.15E-131 2.60E-13 2.42E-131 4.89E-13
Ba-137m 3.64E-02 1.51E-01 1.52E-01 1.36E-02 2.35-02 2.102+00 3.42E+00 4.79B-01
Bi-210 6.46E-16 4.65E-16 5.77E-16 7.56E-16 4.85E-16
Bi-211 2.23E-10 1.71E-10 3.81F,10 1.67E-10 4.77E-11
Bi-213 7.432-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Bi-214 2.62E-15 2.012-15 2.24E-15 3.21E-15 2.72E-15
C-14 1.22E-05 1.96E-05 7.88-05 2.31-05 3.13E.05 4.63E-07 3.64E-04 6.44E-07
Cm-242 9.56E-08 6.43E-07 6.72E-07 1.78-06 1.24E-06
Cm-244 1.39E407 9.57E-07 2.16E-06 5.75E-06 1.24-06
Cm-245 8.95E-12 6.98E-11 1.65E-10 4.41E-10 9.50E-11
Cs-13S 8.90E-07 2.72E-06 2.27-06 1.73E-07 3.67E-07
Cs-137 3.84E-02 1.60-01 1.61E-01 1.44E-02 2.49-02 2.10E+00 3.42E+00 4.79E-01
Eu-154 2.51E-04 1.15E-02 6.55E-05
Fr-221 7.43F,14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Fr-223 3.08E-12 2.35E-12 5.252-12 2.31E-12 6.58E-13
1-129 7.32E-08 1.762-07 3.94E-07 6.43E-08 2.95E-08
Nb-93m 3.68E-06 2.71E-05 1.60E-05 4.36E-05 2.59E-04
Ni-59 6.84E-05 1.43E,04
Ni-63 2.94E-04 1.95E-03 2.28E-03 6.322-03 1.88E-02
Np-237 3.56E-07 4.41E-07 2.13E-06 3.632-08 7.72E-08 2.18E-07 7.05E-06 1.75E-08
Np-238 5.512-10 3.71E-09 3.88E-09 1.03E-08 7.14E-09
Np-239 4.37E-08 3.132-07 4.12E-07 1.252-06 5.38E-07
Pa-231 4.14E-10 2.93E-10 6.57F-10 3.64E-10 1.10-10
Pa-233 3.56E-07 4.41E-07 2.13E-06 3.63E-08 7.72E-08
Pa-2 34  1.18-081 4.15E-09 1.12E-08 1.112-08 4.55E-09
Pa-234m 7.402-06 2.59E-06 7.02E-06 6.95E.06 2.84E-06
Pb-209 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Pb-210 6.46E-16 4.652-16 5.77E-16 7.56E-16 4.852-16
Pb-211 2.23E-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Pb-214 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Pd-107 3.89E-07 9.32-07 2.13E-06 3.94-07 1.68E-07
Po-210 6A62-16 4.652-16 5.77E-16 7.56E-16 4.852-16
Po-211 6.092-13 4.662-13 1.042-12 4.562-13 1.30E-13
Po-213 7.27E-14 1.13E-13 2.542-13 2.36E-13 4.78E-13
Po-214  2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Po-215 2.232-10 1.71E-10 3.81E-10 1.67E-10 4.77E-11
Po-218 2.62E-15 2.01E-15 2.24E-15 3.21E-15 2.72E-15
Pu-238 9.032-06 1.19E-05 7.962-06 2.14E-05 3.85E.05 6.04E-04 2.67E-05 2.40E-05
Pu-239 8.96-05 1.442-04 1.25E-04 5.21E-04 7.91E-04 1.23E-03 7.74E-04 1.57E-04
Pu-2 40 1.76E-05 3.17E-05 2.99E-05 1.33E-04 2.02E-04 4.38E-04 1.99E-04 4.42E-05
Pu-241 1.69-04 2.55E-04 3.64E-04 1.422-03 1.91E-03 1.06E-02 1.69E-03 1.27E-03
Pu-242 5.71E-13 3.84E-12 4.01E-121 1.06-11 7.39E-12
Ra-223 2.23E-10 1.71E-10 3.81E-10 1.67-10 4.77E.11
Ra-225 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Ra-226 2.62E-15 2.01E-15 2.24E-15 3.212-15 2.72E-15
Rh-106 2.63E-12 6.79E-10 3.55E-09 1.052-08 6.83E-08
Rn-219 2.23E-10 1.71-10 3.81E-10 1.67E-10 4.77E-11
Rn-222 2.62E-15 2.01E-15 2.24-15 3.21E-15 2.72E-15
Ru-106 2.63E-12 6.79E-10 3.55E-09 1.05E-08 6.83E-08
Sb-126 3.422-07 9.33E-071 2.89E-07 1.50E-06 6.19-06
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Sb-126m 2.44E-06 6.66E-06 2.06E-06 1.07E-05 4.42-05
Se-79 4.18E-06 1.01E-05 2.24E-05 3.48E.06 1.64E-06
SM-151 2.69E-03 7.37E-03 2.36E-03 1.09E-02 4.27E-02
Sn-126 2.44E-06 6.66E-06 2.06E-06 1.07E-05 4.42E-05
Sr-90 6.46E-02 5.73E-01 3.58E-01 5.27E-01 3.27E+00 3.50E-02 1.72E+00 8.56E-03
Tc-99 5.04E-05 1.21E-04 2.71E-04 4.23E-05 1.98E-05 2.10-03 2.48E-03 1.97E-04
Th-227 2.20E-10 1.68E-10 3.76E-10 1.652-10 4.70E-11
Th-229 7.43E-14 1.15E-13 2.60E-13 2.42E-13 4.89E-13
Th-230 3.87E-13 3.15E-13 3.23E-13 4.86E-13 5.36E-13
Th-231 3.11E-07 1.17E-07 2.98E-07 3.02E-07 1.20E-07
Th-232 7.95E-22 1.432-21 1.35E-21 6.02E-21 9.08E-21
Th-234 7.40E-06 2.59E.06 7.02-06 6.95-06 2.84E-06
11-207 2.22H-10 1.70-10 3.802-10 1.672-10| 4.76E1 1
TI-209 1.60E-15 2.492-15 5.61E-15 5.22E-15 1.06E-14
U-233 5.16E1I 7.02E-11 2.542-10 8.69E-11 2.03E-10
U-234 2.11E-09 1.84E-09 1.86E-09 3.27-09 4.34E-09
U-235 3.11E-07 1.17E-07 2.98E-07 3.02E-07 1.20E-07
U-236 9.31E-12 1.67E-11 1.58E-11 7.04E-11 1.06E-10
U-237 4.13E-09 6.24E-09 8.92E-09 3.482-08 4.68E-08
U-238 7.40E-06 2.59E-06 7.02E-06 6.952-06 2.84E-06
Y-90 - 6.52E-02 5.80E-01 3.62E-01 5.33E-01 3.30E+00 3.502-02 1.72E+00 8.56E-03
Zr-93 1.95E-06 3.20E-05 1.04-05 6.06E05 3.94E04

TOTAL IN REV C I 6.69E+00 4.30E+00

CONFIRMATION OF TOTALS - TABLE D.7.L4
RADIONUCLIDE INTERMEDIATE EXTENSIVE EX SITU/IN SITU
Am-241 4.13E-02 7.78E-04 4.13E-02
Am-243 1.38E-05 2.49E-07 1.38E-05
CM-244 4.98E-06 4.83E-06 4.98E-06
Cs-135 5.09E-06 9.71E-07 5.09E-06
Cs-137 1.27E+00 2.34E-01 1.27E+00
Ni-63 2.76E-02 1.94E+00 2.76E-02
Np-237 3.39E-05 1.98E-05 3.39E-05
Pu-238 I 3.29E-04 8.27E-05 3.29E-04
Pu-239 8.06E-03 2.01E-03 8.06E-03
Pu-240 2.01E-03 5.13E-04 2.01E-03
Pu-241 7.102-03 5.73E-03 7.102-03
Ra-226 7.63E-16
Rh-106 9.012-09 1.07E-10 9.01E-09
Sm-151 3.29E-02 1.78E-03 3.29E-02
Sn-126 7.63E04 1.77E-06 7.63E04
Sr-90 4.56E+00 3.94E-02 4.56E+00
Tc-99 1.27E-01 1.12E-03 1.27E-01
Th-230 2.44E-12 1.10E-13 2.44E-12
U-233 2.97E-09 5.50-11 2.97-09
U-234 5.19-08 9.65E-10 5.19E-08
U-235 5.09-06 9.37E-08 5.092.06
U-238 1.172-04 I 2.18E-06 1.17E04
Zr-93 1.702-05 2.84E-02 1.70E-05

Toal Mjii!9 - X|I%
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CONFIRMATION OF TOTALS - TABLE D.7.1.5
RADIONUCLIDE 1WSS 2WSS LESS 2ESS 4ESS 3WDS 3EDS BEDS
Ac-225 2.59E-12 6.35E-12 3.70E-12 6.60E-12 2.31E-12
Ac-227 2.99E-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Am-241 8.37E-04 9.90E-03 1.51E-03 3.26E-03 1.02E-02 6.56E-01 1.49E-01 4.49E-03
AM-242 1.09E-06 1.742-05 3.32E-06 5.22E-06 1.992-05
Am-242m 1.10E-06 1.75E-05 3.34E-06 5.24E-06 2.00E-05
Am-243 5.57E-07 5.44E-06 1.85E-06 2.79E-06 1.122-05
At-217 2.602-12 6.35E-12 3.71E-12 6.60-12 2.31E-12
Ba-137m 6.02E-01 1.83E+00 1.51E+00 5.66-01 9.38E-01 3.63E+01 6.52E+01 3.05E+01
Bi-210 7.79F,15 1.66E-14 5.19E-15 1.34E-14 1.96E-14
Bi-211 2.99-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Bi-213 2.59E-12 6.362-12 3.71E-12 6.60E-12 2.31E-12
Bi-214 3.30H-14 7.26E-14 2.02E-14 4.00E-14 4.49E-14
C-14 1.68E-04 1.84E-04 4.89E-04 1.06E-04 3.72E-04 4.63E-05 3.64E-04 4.61E-05
CM-242 9.05E-07 1.44E-05 2.75E-06 4.33E-06 1.65E-05
Cm-244 2.85E-06 5.42E-06 1.42-05 1.16E-05 5.68-05
Cm-245 1.95-10 3.93E-10 1.09E-09 8.86E-10 4.36E-09
Cs-135 1.98E-05 4.47E-05 2.60E-05 7.85-06 1.16-05
Cs-137 6.37E-01 1.93E+00 1.60E+00 5.98E-01 9.91E-01 2.61E+01 4.89E+01 2.93E+01
Eu-154 - 3.48E-02 4.22E-01 9.05E-03
Fr-221 2.59E-12 6.35E-12 3.71E-12 6.59E-12 2.31E-12
Fr-223 4.12E-11 2.532-11 5.54-11 2.14E-1I 2.16E-11
1-129 1.33E-06 1.61E-06 2.74-06 3.93E-07 1.06E-06
Nb-93m 5.04E-05 1.112-03 9.76E-05 3.15E-04 7.04E-03 _
Ni-63 9.002-03 1.072-01 2.35E-02 4.88E-02 3.32E-01
Np-237 6.06E-06 7.612-06 1.71E05 2.85E-06 1.82E-06 2.18-05 7.24E-06 1.74E-06
Np-238 7.032-09 6.45E-08 1.74E-08 2.292-08 1.49E-07
Np-239 5.58E-07 5.45E-06 1.852-06 2.79E-06 1.13E-05
Pa-231 4.68E-09 3.242-09 6.162-09 2.98E-09 3.32E-09
Pa-233 6.05-06 7.612-06 1.71E-05 2.862-06 1.829-06
Pa-234 5.73-08 9.112-08 8.15E-08 1.46E-07 7.99E-08
Pa-234m 3.58E-05 5.69E-05 5.09-05 9.13E-05 4.99-05
Pb-209 2.60E-12 6.35-12 3.71E-12 6.60E-12 2.31E-12
Pb-210 7.80E-15 1.66E-14 5.18E-15 1.34E-14 1.96E-14
Pb-211 2,992-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Pb-214 3.292-14 7.27E-14 2.02E-14 4.00E-14 4.48E-14
Pd-107 6.98E-06 9.18-06 1.42E-05 2.19E-06 6.20E-06
Po-210 - 7.77E-15 1.66E-14 5.182-15 1.39E-14 2.04E-14
Po-211 7.31E-12 1.662-11 9.34E-12 8.38E-12 5.49E-12
Po-213 2.54E-12 6.21E-12 3.622-12 6.46E-12 2.27E-12
Po-214 3.29E-14 7.27E-14 2.02E-14 4.00E-14 4.48E-14
Po-215 2.99E-09 1.83E-09 4.012-09 1.55E-09 1.57-09
Po-218 3.29E-14 7.27E-14 2.02E-14 4.00E-14 4.49E-14
Pu-238 1.81E-04 5.06E-04 1.062-04 2.56E-04 1.30E-03 6.22E-02 1.05E-04 2.47E-03
Pu-239 2.63E-03 5.77E-03 1.98E-03 5.23E.03 1.64E-02 1.20E-01 4.21E-02 1.51E-02
Pu-240 4.44E-04 1.27E-03 3.91E-04 1.27E-03 4.50E-03 4.312-02 1.05E-02 4.262-03
Pu-241 2.192-03 9.68E-03 3.80E-03 1.03E-02 5.882-02 1.29E+00 2.56E-02 1.54-01
Pu-242 1.67E.11 1.542-10 6.35E-11 1.072-10 1.53E-10
Ra-223 2.99E-09 1.84E-09 4.01E-09 1.55E-09 1.57E-09
Ra-225 2.60E-12 6.352-12 3.70E-12 6.61E.12 2.32E-12
Ra-226 3.29E-14 7.26E-14 2.02E-14 4.00E-14 4.48E-14
Rh-106 3.31E-11 2.45E-08 3.20E-08 1.31E-07 1.13-06
Rn-219 2.80E-09 6.15E-09 3.432-09 2.082-09 7.86E-10
Rn-222 3.292-14 7.26-14 2.02E-14 4.00-14 4.48E-14
Ru-106 1.40E-11 3.70E-08 1.712-08 2.15E-08 6.25E-06
Sb-126 1.69&06 4.54-05 2.302-06 8.29-06 2.01204
Sb-126m 1.2105 3.24-04 1.64E-05 5.92E-05 1.4403

Page 6
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Se-79 7.61E-05 9.12E-05 1.56E-04 2.20E-05 5.89E-05
Sm-151 1.81E-02 3.62E-01 2.19E-02 7.97E-02 1.36E+00
Sn-126 1.21E-05 3.25E-04 1.64E-05 5.92E-05 1.44E-03
Sr-90 9.44E-01 3.02E+01 3.57E+00 3.24E+00 1.36E+02 1.84E+00 3.78E+01 8.96E-01
Tc-99 9.18E-04 1.IIE-03 1.89E-03 2.67E-04 7.14E-04 2.11E-03 1.15E-02 1.22-02
Th-227 2.94E-09 1.81E-09 3.96E-09 1.53E-09 1.55E-09
Th-229 2.59E-12 6.35E-12 3.69E-12 6.60E-12 2.33E-12
Th-230 5.11E-12 1.22E.11 3.15E-12 7.49E-12 7.03E-12
Th-231 1.53E-06 2.70E-06 2,18E-06 3.87E-06 2.26E-06
Th-232 3.90E-21 3.29E-20 9.88E-21 7.69E-20 1.71E-19
Th-234 3.58E-05 5.69E-05 5.09E-05 9.12E-05 4.99E.05
TI-207 2.98E-09 1.83E-09 4.OOE-09 1.55E-09 1.57E-09
TI-209 2.15E-14 2.68E-14 5.91E-14 4.85E-14 3.48E-13
U-233 1.69E-09 3.49E-09 2.88E-09 2.59E-09 1.90E-09
U-234 2.91E-08 7.21E-08 1.93E-08 3.67E-08 1.10E-07
U-235 1.53E-06 2.70E-06 2.19E-06 3.87E-06 2.26E-06
U-236 4.57E-11 3.85E.10 1.16E-10 9.01E10 2.OOE-09
U-237 2.03E-08 1.43E-07 6.54E-08 4.45E-07 8.81E-07
U-238 3.58E-05 5.69E-05 5.09E-05 9.13E-05 4.99E-05
Y-90 9.52E-01 3.05E+01 3.61E+00 3.28E+00 1.37E+02 1.84E+00 3.78E+01 8.96E-01
Zr-93 4.99E-05 1.71E-03 9.02E-05 3.53E-04 1.45E-02

TOTAL IN REV C |.04E+O1
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cq ( ka COA A-t r-

F.11 Backup for Table 9-6

Table P-36. Total Cost by Uo Operatiop.

Sudge wash $43 $129 $6 $2 $12 $6 $9 $207

Cesium removal $380 $276 $57 $21 - $16 $56 $383 $9

Centralized (MIlIftles S52d $520

LLW vitrification $1,300 $624 - $179. $68 $332 $176 $264 $2,934

LLW dIposal $16 $9 $4 $17 $9 $225 $14 $294

JILW vitrification $1,400 $639 $70 $78 $384. $126 $e,957

IILW transportation $31 -l-

HLW disposal $239 $5,619 $5,85

Total $3,643 $1,716 $322 $173 $886 $373 $225 $239 $630 $5,619 $13,326

Notes:

Table value. are in millions of 1995 dollars.
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251 SOUTH LAKE AVENUE, PASADENA, CAUFORNIA 91101-3063
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REP/PC (Ver 4.0) - MGMT REPORT 1

DATA : Phased Implementation case 10B
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT

1 Current Operations
2 R&D Waste Ret. & Transfer
3 R&D Treatment
4 Capital Waste Ret. & Transfer
S Capital Treament
6 Capital closure
7 Operations Waste Ret. & Transfer
8 Operations Treatment
9 x & M
10 Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

UNIT TARGET PROB+ LOW

8600 50 6880
190.00 190.00

0 0
2280 50 1824
4483 40 3586

211.00 211.00
3990 50 3192
6954 50 5215

0 0
6500 95 3900

33208

HIGH

10320
190.00

0
3876
8966

211.00
6783
6955

0
6501

24998 43802
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

RANGE ESTIMATE : 02-27-96



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE-: 02-27-96
DATA : Phased Implementation case 1OB
MODEL : BASIC MODEL (SUMMATION)

42- -

40-

38-

36-

34-1

32-i

30-

28-

26-

x 1,000

*
*

*

*
**

**

**

------------------------ *****-------------------- -TARGET

*
**

*

.*
*

24- . . .

22- . . .

.05 10 20 30 40 50 60 70 80 90 -99.95
OVERRUN PROBABILITY (PERCENT)

B
0
T
T
0
M

L

N
E



REP/PC (Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-27-96

DATA : Phased Implementation case 10B
MODEL : BASIC MODEL (SMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

33208 52 PCT

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NUM ELEMENT

Capital Treament
Repository Fee
Operations Waste Ret. & Transfer
Current Operations
Capital Waste Ret. & Transfer
Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

---- ++

5
10
7
1
4
8

UNIT CORRECT PROTECT

------------- 1++



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY

DATA : Phased Implementation case lOB
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONT
NOT HAVING COST OVERRUN ABSOLUTE - R

100 PCT 10594 3

99.95 " 6308 1

95 "f 3734 1

90 " 2865

85 2383

80 " 1958

75 " 1567

70 " 1254

65 " 921

60 " 646

55 " 360

50 " 77

45 " -132 -

40 " -369 -1

35 " -622 -1

30 i -886 .- 2

25 " -1101 -3

20 " -1384 -4

15 -1745 -5

10 -2210 -6

5 " -2902 -9

0.05 ' -5850 17

- 0 -8210 -24

PROFILE : 02-27-96

INGENCY
ELATIVE

1.9 PCT

9.0 "

1.2 "

8.6 "

7.2 "

5.9 "

4.7 "

3.8 "

.8

.0

1.1 "

.2 "

-. 4

u.1 "

.7 "

.3 "

.2 "

.7

.7 

.6"

.7 "o

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)
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Sheeti

______INO ACTION ALTERNATIVE

_______Mispositioned Jumper (spray release 207 psi)
1.10E-02 per year x 1.00E+01 years 1.10E-01 probability

dose LCF/rem LOF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.10E-01 1.23E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.10E-01 1.23E-02
N 2.50E+03 4.002-04 1.OOE+00 1.10E.01 1.10E-01 2.67E01
MEl-N 6.70E+01 8.00E-04 5.36E-02 1.10E-01 5.90E-03
P 6.20E+02 5.00E-04 3.102-01 1.10E-01 3.41E-02
MEl-P 2.90E-01 5.002-04 1.452-04 1.10E-01 1.60E-05

total LCF 2.43E+00

Hydrogen burn in waste tank
9.002-07 per year x 1.00E+02 years x 2.50E+01 tanks 2.25E-03 probability

dose LF/rem LCF probability LOF risk
receptor personrem point esti
W 2.18E+05 n/a n/a 2.25E-03 2.25E-03
MEI-W 2.18E+04 n/a n/a 2.252-03 2.25E-03
N 2.45E+04 4.00E-04 9.80E+00 2.25E-03 2.21E-02
MEl-N 1.74E+03 n/a n/a 2.25E-03 2.25E-03 _

P 3.70E+03 5.E02-04 1.85E+001 2.25E-03 4.16E-03
MEIP I4.23E+00 5.00E-04 2.12E-03 2.25E-03 4.762-06

I Itotal LCF 2.17E+01

Page 1
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LONG TERM MANAGEMENT ALTERNATIVE

Mispositioned Jumper (spray release 207 psi) ____

1.10E-02 peryearx 2.00E+01 years 2.20E-01 probability
dose LCF/rem LOF probability LOP risk

receptor personrem point esti
W 1.40E+03 8.002-04 1.12E+00 2.20E-01 2.46E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 2.20E-01 2.46E-02
N 2.502+03 4.00E-04 1.00E+00 2.20E-01 2.20E-01 5.35E-01
MEl-N 6.70E+01 8.002-04 5.36E-02 2.20E-01 1.18E-02
p 6.20E+02 5.00E-04 3.10-01. 2.20E-01 6.82E-02
MEl-P 2.90E-01 5.002-04 1.45E-04 2.20E-01 3.19E-05

total LOP 2.43E+00

Hydrogen bun in waste tank
9.OOE-07 per year x 1.00E+02 years x 2.50E+01 tanks = 2.25-03 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 2.18E+05 n/a n/a 2.25E-03 2.252-03
MEI-W 2.18E+04 n/a n/a 2.25E-03 2.25E-03
N 2.45E+04 4.0E-04 9.802+00 2.25E-03 2.21E-02
MEl-N 1.74E+03 n/a n/a 2.252-03 2.25E-03
p 3.70E+03 5.002-04 1.85E+00 2.25E-03 4.16E-03
MEl-P 4.23E+00 5.OOE-04 2.12E-03 2.25E-03 4.76E-06

_ __ total lcf I2.17E+01 _I

Page 2
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Page 3

INSITLI FILL AND CAP ALTERNATIVEj

Mispositioned Jumper (spray release 207 psi)
1.10E-02 per year x 1.50E+01 years 1.65E-01 probability

dose LCF/rem LOF probability LCF risk
receptor personren point esti
W 1.40E+03 8.00E-04 1.12E+00 1.65E-01 1.85E-01
MEI-W 1.40E+02 8.OOE-04 1.12E-01 1.65E-01 1.85E-02
N 2.50E+03 4.00E-04 1.OOE+00 1.65E-01 1.65E-01 4.01E-01
MEl-N 6.70E+01 8.OOE-04 5.36E-02 1.65E-01 8,84E-03
P 6.20E+02 5.OOE-04 3.1OE-01 1,65E-01 5.12E-02
MEl-P 2.90E-01 5.00E-04 1.45E-04 1.65E-01 2.39E-05

total Icf 2.43E+00

Tank Dome Collapse Due To Hydrogen Deflagration ____

1.OOE-04 probability
dose LCF/rem LCF probability LCF risk

receptor personremn point esti
W 6.20E+04 n/a n/a 1.00E-04 1.00E-04
MEl-W 6.20E+03 n/a n/a 1.00-04 1.00E-04
N 2.30E+04 4.OOE-04 9.20E+00 1.002-04 9.20E-04
MEl-N 1.50E+03 n/a n/a 1.00E-04 1OE-041
P 3.702+0 5.00E-04 .85E+00 1.00E-04 1.85E-04
MEl-P 3.90E+00 5.00E-04 1.95E-03 1.OOE-04 1.95E-07

totallcf 2.112+01
Hydrogen burn in waste tank

9.00E-07 per year x 1.90E+01 years x 2.50E+01 tanks = 4.28E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personren point esti
W 2.18E+05 n/a n/a 4.28E-04 4.28E-04
MEI-W 2.18E+04 n/a n/a 4.28E-04 4.28E-04 _

N 2.45E+04 4.OOE-04 9.80E+00 4.28E-04 4.19E-03
MEl-N 1.74E+03 n/a n/a 4.28E-04 4.28E-04
P 3.70E+03 5.00E-04 1.85E+00 4.28E-04 7.91 E-04
IMEL-P 23E+00 5.OOE-04 2.12E-03 4.28E-04 9.04E-07

I I totalI lcf 2.17E+01,
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Page 4

IN SITU VITRIFICATION ALTERNATIVE

Mispositloned Jumper (spray release 207 psi) ______________

1.10E-02 peryearx 1.50E+01 years 1.65E-01 probability
dose LCF/rem LOP probability LOF risk

receptor personrem _________ ____ point esti
W 1.40E+03 8.OOE-04 1.12E+00 1.65E-01 1.85E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.65E-01 1.85E-02
N 2.50E+03 4.00E-04 1.OOE+00 1.65E-01 1.65E-01 4.01E-01
MEl-N 6.70E+01 8.002-04 5.36E-02 1.65E-01 8.84E-03
P 6.20E+02 5.00E-04 3.10E-01 1.65E-01 5.12E-02
MEl-P 2.90E-01 5.0E-04 1.45E-04 1.65E-01 2.39E-05

_______total lcf 2.432+00

________ Off-Gas Duct Rupture ___ ____

7.002-04 per year x 9.002+00 years = 6.30-03 probability
dose LOP/rem LCF probability LCF risk

receptor personrem point esti
W 2.50E+04 n/a ff2 6.30E-03 6.30E-03
MEI-W 2.50E+03 n/a n/a 6.30E-03 6.30E-03 2.68E-01
N 4.50E+04 8.00E-04 3.60E+01 6.30E-03 2.27E-01
MEl-N 1.202+03 n/a n/a 6.30E-03 6.30E-03
P 1.10E+04 5.002-04 5.50E+00 6.30E-03 3.47E-02
MEl-P 5.20E+00 5.00E-04 2.60E-03 6.30E-03 1.64E-05

total LOF 5.15E+01
________Hydrogen burn in waste tank

9.00E-07 per year x 1.90E+01 years x 2.50E+01 tanks 4.28E-04
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 4.28E-04 4.28E-04 _

MEI-W 2.18E+04 n/a n/a 4.28E-04 4.282-04
N 2.45E+04 4.002-04 9.80E+00 4.28204 4.19E-03
MEl-N 1.74E+03 n/a n/a 4.28E-04 4.28E-04
P 3.70E+031 5.00E-04 1.85E+00 4.28E-04 7.91E-04
MEl-P 4.23E+001 .00E-04 2.12E-03 4.28E-04 .-

___ _ _ _total lcf 2.17E+01 I_ "
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EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 peryearx 2.30E+01 years = 2.53E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem| point esti
W 1.40E+03 8.00E-04 1.12E+00 2.53E-01 2.83E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 2.53E-01 2.83E-02 6.15E-01
N 2.50E+03 4.00E-04 1.00E+00 2.53E-01 2.53E-01
MEl-N 6.70E+01 8.00E-04 5.36E-02 2.53E-01 1.36E-02
P 6.20E+02 5.00E-04 3.10E-01 2.53E-01 7.84E-02
MEl-P 2.90E-01 5.00E-04 1.45E-04 2.53E-01 3.67E-05

total Icf 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x 2.30E+01 years x 2.50E+01 tanks = 5.06E-03 probability

|dose - JLCF/rem LCF probability LCF risk
receptor personreml point esti
W 3.70E+04 n/a n/a 5.06E-03 5.06E-03
MEI-W 3.70E+03 n/a n/a 5.06E-03 5.06E-03
N 1.04E+03 4.00E-04 4.16E-01 5.06E-03 2.10E-03
MEl-N 2.42E+01 8.00E-04 1.94E-02 5.06E-03 9.80E-05
P 1.56E+02 5.00E-04 7.80E-02 5.062-03 3.95E-04
MEl-P 1.042-01 5.00E-041 5.20E-05 5.06E-03 2.63E-07

total Icf | 1.05E+01
Seismic Induced Line Break in Vault

6.00E-05 per year x 2.00E+01 years = 1.20E-03 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 3.40E+01 4.00E-04 1.36E-02 1.20E-03 1.63E-05|
MEI-W 3.40E+00 4.00E-04 1.36E-03 1.20E-03 1.63E-06
N 7.10E+00 4.00E-04 2.84E-03 1.20E-03 3.AE-06|
MEl-N 2.90E-01 4.00E-04 1.16E-04 1.20E-03, 1.39E-07
P 2.70E+00 5.00E-04 1.35E-03 1.20E-03 1.62E-06
MEl-P 4.50E-04 5.00E-04, 2.25E-07 1.20E-03 2.70E-10

I totallef I 1.78E-02
Breached Canister

6.00E-01 per year x 2.00E+01|years 1.20E+01 probability _

dose LCF/rem |LCF probability LCF risk |
receptor personrem I point esti 
W 1.45E-04 4.00E-041 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-06 4.002-04 5.80E-09 1.00E+00| 5.80E-09 I
N 5.80E-08 4.002-04 2.32E-11 1.00E+00| 2.32E-11
MEl-N 4.00E-09 4.002-041 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEl-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

total Id 5.80E-08
Hydrogen bum in waste tank

9.00E-07 per year x 2.30E+01|years = 2.07E-05 probability |
dose LCF/rem |LCF probability LCF risk |

receptor personrem | | _ point esti
W 2.18E+05 n/a n/a 2.07E-05 2.07E-05
ME-W 2.18E+04 n/a n/a 2.07E-05 2.07E-05
N 2.45E+04 4.00E-04 9.80E+00 2.07E-05 2.03E-04|
MEl-N 1.74E+03 n/a n/a 2.07E-05 2.07E-05
P 3.70E+03 5.00E-04 1.85E+00 2.072-05 3.83E-05
MEl-P 4.23E+00 5.00E-04 2.12E-03 2.07E-05 4.38E-08

total Icf 2.17E+01

Page 5



Sheet6

EX SITU NO SEPARATIONS ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 peryearx 1.80E+01 years = 1.98E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 1.98E-01 2.22E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.98E-01 2.22E-02
N 2.50E+03 4.00E-04 1.00E+00 1.98E-01 1.98E-01 4.81E-01
MEl-N 6.70E+01 8.00E-04 5.36E-02 1.98E-01 1.06E-02
P 6.20E+02 5.00E-04 3.10E-01 1.98E-01 6.14E-02
MEl-P 2.90E-01 5.00E-04 1.45E-04 1.98E-01 2.87E-05

total Icf 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x 1.80E+01 years = 1.58E-04 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 3.70E+04 n/a n/a 1.58E-04 1.58E-04
MEI-W 3.70E+03 n/a n/a 1.58E-04 1.58E-04
N 1.04E+03 4.00E-04 4.16E-01 1.58E-04 6.59E-05
MEl-N 2.42E+01 8.00E-04 1.94E-02 1.58E-04 3.07E-06
P 1.56E+02 5.00E-04 7.80E-02 1.58E-04 1.24E-05
MEl-P 1.04E-01 5.00E-04 5.20E-05 1.58E-04 8.24E-09

total Icf 1.05E+01
Breached Canister

6.OOE-01 per year x 1.50E+01 years = 9.00E+00 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-11 1.00E+00 2.32E-11
MEl-N 4.00E-09 4.00E-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEl-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

total Icf 5.80E-08
Hydrogen burn in waste tank

9.00E-07 per year x 1.80E+01 years x 2.50E+01 tanks = 4.05E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 4.05E-04 4.05E-04
MEI-W 2.18E+04 n/a n/a 4.05E-04 4.05E-04
N 2.45E+04 4.00E-04 9.80E+00 4.05E-04 3.97E-03
MEl-N 1.74E+03 n/a n/a 4.05E-04 4.05E-04
P 3.70E+03 5.00E-04 1.85E+00 4.05E-04 7.49E-04
MEl-P 4.23E+00 5.002-04 2.12E-03 4.05E-04 8.57E-071

total Icf 2.17E+01 i
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EX SITU EXTENSIVE SEPARATIONS ALTERNATIVE

Mispositioned Jumper (spray release 207 psi)
1.10E-02 peryearx 2.30E+01 years = 2.53E-01 probability

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 2.53E-01 2.83E-01
MEI-W 1.40E+02 8.OOE-04 1.12E-01 2.53E-01 2.83E-02
N 2.50E+03 4.00E-04 1.00E+00 2.53E-01 2.53E-01 6.15E-01
MEl-N 6.70E+01 8.00E-04 5.36E-02 2.53E-01 1.36E-02
P 6.20E+02 5.00E-04 3.10E-01 2.53E-01 7.84E-02
MEl-P 2.90E-01 5.00E-04 1.45E-04 2.53E-01 3.67E-05

total Il 2.43E+00

Loss of Filtration (HEPA filter blowout) _

8.80E-06 per year x 2.30E+01 years 2.02E-04 probability
dose - LCF/rem LCF probability LCF risk

receptor personrem point esti
W 3.70E+04n/a n/a 2.02E-04 2.02E-04
MEI-W 3.70E+03 n/a n/a 2.02E-041 2.02E-04
N 1.04E+03 4.00E-04 4.16E-01 2.02E-04 8A2E-05
MEl-N 2.42E+01 8.00E-04 1.94E-02 2.02E-04 3.92E-06
P 1.56E+02 5.00E-04 7.80E-02 2.02E-04 1.58E-05
MEl-P 1.04E-01I 5.00E-04| 5.20E-05 2.02E-04 1.05E-08

Itotal Id I1.05E+01
Seismic Induced Line Break in Vault

6.00E-05 per year x 2.00E+01 years = 1 .20E-03 probability
dose LCF/rem jLCF probability LCF risk

receptor personrem point esti
W 3.40E+01 4.00E-04 1.36E-02 1.20E-031 1.63E-05
MEI-W 3.40E+00 4.00E-04 1.36E-03 1.20E-03 1.63E-06
N 7.10E+00 4.00E-04 2.84E-03 1.20E-03 3.41E-06
MEl-N 2.90E-01 4.OOE-04 1.16E-04 1.20E-03 1.39E-07
P 2.70E+00 5.00E-04 1.35E-03 1.20E-03 1.62E-06
MEl-P 4.50E-04. 5.00E-04 2.25E-07 1.20E-03 2.70E-10

total Id 1.78E-02
Breached Canister

6.00E-01 peryearx 2.00E+01 years = 1.20E+01 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-11 1.00E+00 2.32E-11
MEl-N 4.00E-091 4.00E-04 1.60E-12 1.00E+00 1.60E-12P
P 1.50E-08| 5.002-04 7.50E-12 1.00E+00 7.50E-12
MEl-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

Itotal If 5.80E-08
Hydrogen bum in waste tank

9.002-07 per year x 2.30E+01 years x 2.50E+01 tanks = 5.18E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem |point esti
W 2.18E+05 n/a n/a 5.18E-04 5.18E-04
MEI-W 2.18E+04 n/a n/a 5.18E-04 5.18E-04
N 2.45E+04 4.00E-04 9.80E+00 5.18E-04 5.07E-03
MEl-N 1.74E+03 n/a n/a 5.18E-04 5.18E-04
P 3.70E+03 5.00E-04 1.85E+00 5.18E-04 9.57E-04
MEl-P 4.23E+00 5.00E-04 2.122-03 5.18E-04 1.09E-06

|total Id 2.17E+01
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EX SITU/ IN SITU COMBINATION

Mispositioned Jumper (spray release 207 psi)
1.10E-02 peryearx 2.30E+01 years = 2.53E-01 probability _

dose LCF/rem LCF probability LCF risk
receptor personrem point esti
W 1.40E+03 8.00E-04 1.12E+00 2.53E-01 2.832-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 2.53E-01 2.83E-02 6.15E-01
N 2.50E+03 4.002-04 1.OOE+00 2.53E-01 2.53E-01I
MEl-N 6.70E+01 8.00E-04 5.36E-02 2.53E-01 1.36E-02
P 16.20E+02 5.00E-04 3.102-01 2.53E-01 7.84E-02
MEl-P 2.90E-01 5.00E-04 1.45E-04 2.53E-01 3.67E-05

total Icd 2.43E+00

Loss of Filtration (HEPA filter blowout)
8.80E-06 per year x 2.30E+01 years = 2.02E-04 probability

dose * LCF/rem LCF probability LCF risk
receptor personrem | _ _ point esti
W 3.70E+04 n/a n/a 2.02E-04 2.02E-04
MEl-W 3.70E+03 n/a ri/a 2.02E-04 2.02E-04
N 1.04E+03 4.00E-04 4.16E-01 2.02E-04 8.42E-05
MEl-N 2.42E+01 8.00E-04 1.94E-02 2.022-04 3.92E-06
P 1.56E+02 5.00E-04 7.80E-02 2.02E-04 1.58E-05
MEl-P 1.04E-01 5.00E-04 5.20E-05| 2.02E-04 1.05E-08

totalIcf |1.05E+01
Seismic induced Line Break in Vault

6.00E-05 per year x 2.00E+01 years = 1.20E-03 probability
dose LCF/rem jLCF probability LCF risk

receptor personrem I |point esti
W 3.40E+01 4.00E-04 1.36E-02 1.20E-03 1.63E-05
MEI-W 3.40E+00 4.00E-04 1.36E-03 1.20E-03 1.63E-06
N 7.10E+00 4.0E-04 2.84E-03 1.20E-03 3.41E-06
MEl-N 2.90E-01 4.00E-04 1.16E-04 1.20E-03, 1.39E-07
P 2.70E+00 5.00E-04 1.35E-03 1.20E-03 1.62E-06
MEl-P 4.50E-04 5.00E-04 2.25E-07 1.20E-03 2.70E-10

total Ifd 1.78E-02
Breached Canister

6.00E-01 per year x 2.00E+01 years = 1.20E+01 probability
dose ILCF/rem LCF probability LCF risk _

receptor personrem point esti
W 1.45E-04 4.00E-04 5.80E-08 1.00E+00 5.80E-08
MEI-W 1.45E-05 4.00E-04 5.80E-09 1.00E+00 5.80E-09
N 5.80E-08 4.00E-04 2.32E-111 ,00E+00 2.32E-11
MEl-N 4.00E-09 4.OOE-04 1.60E-12 1.00E+00 1.60E-12
P 1.50E-08 5.00E-04 7.50E-12 1.00E+00 7.50E-12
MEl-P 2.40E-12 5.00E-04 1.20E-15 1.00E+00 1.20E-15

| total If 5.80E-08
_ Hydrogen bum in waste tank

9.00E-07 per year x 2.30E+01 years x 2.50E+01 tanks = 5.18E-04 probability
dose LCF/rem LCF probability LCF risk

receptor personrem point esti
W 2.18E+05 n/a n/a 5.18E-04 5.18E-04
MEI-W 2.18E+04 n/a n/a 5.18E-04 5.18E-04 _

N 2.45E+04 4.00E-04 9.80E+00 5.18E-04 5.07E-03
MEl-N 1.74E+03 n/a n/a 5.18E-04 5.18E-04
P 3.70E+03 5.00E-04 1.85E+00 5.18E-04 9.57E-04
MEl-P 4.23E+00| 5.00E-04| 2.12E-03 5.18E-04 1.09E-06

_ total Icf 2.17E+01 I |
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PHASED IMPLEMENTATION ALTERNATIVE - PHASE 1

Mispositioned Jumper (spray release 207 psi)
1.10-02er yearx1.0E+O1 years 1.10E-01 probability

dose LCF/rem LCF probability LOF risk
receptor personrem point esti
W 1.40E+03 8.00-04 1.12E+00 1.102-01 1.23E-01
MEI-W 1.40E+02 8.00E-04 1.12E-01 1.10E.01 1.23-02
N 2.50E+03 4.002-04 1.002+00 1.10E-01 1.10-01 2.67E-01
MEl-N 6.70Ei01 8.00E-04 5.36-02 1.10E-01 5.90E-03
P 6.20E+02 5.002-04 3.10E-01 1.10E-01 3.41E-02
MEl-P 2.90E-01 5.00-14 1.45E-04 1.10E-01 1.60E-05

________ total Icd 2.43E+00 ____

Seismic Induced Line Break in Vault
6.OOE-05 peryearx 1.00E+01 years 6.002-04 probability

dose LCF/rem LOP probability LCF risk
receptor personrem I point esti
W 3.40E+01 4.00-04 1.36-02 6.002-04 8.16-061
MEI-W 3.40E+00 4.00E-04 1.36E-03 6.002-04 8.162-07
N 7.10E+00 4.OOE-04 2.84E-03 6.-E04 1.70E-06
MEl-N 2.90E-01 4.OOE-4 1.16-04 6.002-04 6.96-08
P 2.70E+00 5.002-04 1.35-03 6.00-04 8,102-07
MEl-P 4.50E-04 5.00-04 2.25E-07 6.00E-04 1.35E-10

S atotal ocf 1.78E-02
Breached Canister

1.002-02 per yearx 1.002+01 years 1.002-01 probability
dose L O/rem LOP probability LOF risk

receptor personrem pont esti
W 0.00E+00 4.002- 0.00E+00 1.002-01 0.00E+00
MEI-W 0.00E+00 4.02-04 0.00E+00 1.002-01 0.00+00
N 2.30E-04 4.002-04 9.20E-08 1.001-01 9.20E-09
MEl-N 2.70E-05 4.002-04 1.08E-08 1.00E-01 1.08E-09
P 5.80E-05 5.00-04 2.90-08 1.00-01 2.90E-09
MEW-P 1.80E-08 5.00O-04 9.00E-12 1.002-01 9.00E-13

______ ______ ota o 1.212E-07 ____ ________

_____Hydrogen burn in waste tank
9.02-07 per yearx 1.00E+01 years x 2.50E+01 tanks = 2.25-04 probability

dose JILF/rem .CF probability LOP risk
receptor personrem point esti
W 2.18E+05 1n/a e 2.25E-04 2.25E-04
ME1-W 2.18E+04 n/a n/a 2.25-04 2.252-04
N 2.45E+04 4.00-04 9.80E+00 2.25-04 2.212-03
MEN 1.74E+03 n/a n/a 2.252-04 2.25E-04
P 3.70E+03 5.00E-04 2.25&04 416E-4
MEl-P 4.23E+00 5.00-04 220 2.252-0 476-070

ttal I 2.17+01 I I
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PHASED IMPLEMENTATION ALTERNATIVE - TOTAL ALTERNA

Mispositioned Jumper (spray release 207 psi) ____

1.10E-02 peryearx 2.20E+1 years = 2.42E-01 probability _

dose LP/rem LCF probability LCF risk
receptor personrem point esti __

W 1.40E+03 8.00E-04 1.12E+00 2.42E-01 2.71E-01
MEI-W 1.40E+02 8.002-04 1.12E-01 2.42E-01 2.71E-02 5.88E-01
N 2.502+03 4.002-04 1.00E+00 2A2E-01 2.42E-01
MEl-N 6.70E+01 8.00E-04 5.36-02 2.42E-01 1.30E-02
P 6.20E+02 5.00E-04 3.10E-01 2.42E-01 7.50E-02
MEl-P 2.902-01 5.00E-04 1.452-04 2.42E-01 3.51E-05

total I 243+0

Loss of Filtration (H-EPA filter blowout)
8.80E-06 peryearx 2.20E+011years 1.94E-04 probability

dose . fLOP/remn jLP probability LOF risk
receptor personrem paint esti
W 3.70E+04 n/ n/a 1.94E-04 1.94E-04
MEI-W 3.70E+03 n/a n/a 1.94E-04 1.94E-04
N 1.04E+03 4.00E-04 4.16E-01 1.94E-04 8.05E-05
MEl-N 2.42E+01 8.002-04 194E-02 1.94E-04 3.75E-06
P 1.56E+02 5.00E-04 7.80E-02 1.94E-04 1.51E-05
MEl-P 1.04-01 5.00E-04 1.94E-04 1.01E-08

total If 1.05E+01 _I
_____Seismic Induced Line Break in Vault ___ ____

6.00E-05 peryearx 2.60E+01 years 1.55E-03 probability
dose LCF/rem LOP probability LOP risk

receptor personrem point esti
W 3.40E+01 4.00E-04 1.362-02 1.562-03 2.12E-05
MEI-W 3.40E+00 4.OOE-04 1.36E-03 1.562-03 2.12E-06
N 7.10E+00 4.0E-04 2.84E-03 1.56E-031 4.E-06I
MEL-N 2.90E-01 4.002-04 1.16E-04 1.56E-03 1.812E-07
P 2.70E+00 5.00E-04 1.35E-03 1.56E-03 2.112E-06
MEl-P 4.60-04 5.00E-04 2.25E-07 1.56E-03 3.51E-10

total Idf 1.782-02
Breached Canister

6.00E-01 peryearx 2.60E+01 years = 156E+01 probability
dose LOP/rem LOP probabilit LOP risk

receptor personrem point esti
W 1.452-04 4.00E-04 5.80E-08 1.0E+00 5.80E-08
MEI-W 1.45E-051 4.0E-04 5.802-09 1.0E+00 5.80E-09_____i_
N 5 4.004 2.32E-11I 1.E+00 2.32E-1
MEl-N 4.00E-09 4.- 1.60E-12 1.00E+00 1.602-12
P 1.50E-08 5.00E04 7.50E-12 1.00E+00 7.502-12
MEl-P 2.40E-12 5.002-04 1.20E-15 1.00E+00 1.20E-15

total I! ,5.80E-08
Hydrogen bum in waste tank

9.00E-07 per year x] 2.202+01 years x 2.50E+01 tanks 4.95E-04 probabilit
dose F/rem LCF probability LOPrisk

receptor personrerm point esti
W 2.18E+051n/a n/a 4.95E-04 4.95E-04
M21-W 2.18+04n/a n4a 4.952-04 4.952-04
N 2.5 4.002E-04 9.80E+00 4.952-04 4.852-03 ___

MEl-N 1.74E+03 n/a n/a 4.95E-04 4.952-04
P 3.702+03 5.00E-04 1.85E+00 4.95E-04 9.16E-04 _

MEl-P 4.23E+00 I5.00-04 2.12E-03 4.95E-04 10.0061
_ itotalcf 12.17E+011 _ I
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Picific Norftwst LaboratorIes
Beile Soulevard
P.O. Box 99.
Rlimnd.u Wnhkngn 89352

DATE: February 9, 1996

To: Mike Harker

Company: Jacobs Engineering

City/State:

.. FACSIM1LE TRANSMITTAL

Facsimile #:

Telephone #:

736-7504

736-0616

From: Phil Daling

Facsimile #: 372-4378

Telephone #: 372-4239

Transnktal Consists of [ 2 ] Page(s) including coer page.

COMMENTS:

Mike

Here are the revised impact results for the calcination altemative (changed number of
cask-loads from 27,100 to 41,500). The revised numbers you will need include the
routine worker and public doses and accident risks, both in person-rem and LCFs, and the
revised probability of the maximum credible accident in an urban area. These values are
in BOLD in the attached spreadsheet. Call me if you have any questions.

Phil

PS I just checked TRANSNET again and they are still down. The attached table was
created by multiplying the previous results by the ratio of the new number of
shipments to the old number of shipments. I will run the revised case when
TRANSNET is available, hopefully some time today.

EA-1s50-231 {691)

I



<
Calcine REV

Revised Calcination AltematIve Impacts 21919j

Rato method used as approximation: TRANSNET system down on 2/9/96 so RADTRAN runs not possible

NO SEPARATIONS - CALCINATION

ROUTINE EXPOSURES ACCIDENTS
Exp__ Ures Healh lEffects LuattCanr Exposurea Conv. Latent

Mafl MikeT Eflg Conys Worker Put Rb Factor .Manc

MUST 7.60E-01 2.12E-01 4.002-04 6.00E-04 3.04E-04 1.06E-04 3.43E-03 4.QoE-04 1.37E-06
8ST 3.04E-01 8.45E-02 4.002-04 6.00E-04 1.22E-04 4.23E-05 1.58E-02 4.00E-04 6.32E-06
Cs capsul 2.47E-02 7.37E-03 4.002-04 6.00E-04 9.88E-06 3.69E-08 1.33E-05 4.002-04 5.32E-09
Sr capsule 3.01E-02 8.97E-03 4.OOE-04 6.00E-04 1.20E06 4.49E-06 2.022-08 4.OOE-04 8.08E-12
HLW 1.82E+04 833E402 4.00204 6.00E-04 7.28E+00 4.37E-61 3.64E-01 6.00204 1.7E-04

.i.82E04 83E+02 7.28E+00 4.372-01 3.73E-01 1.86E-04

Numbers In SOLD arm revised values calculated using the raelo of old shipments (27100)
to new shipments (41600). See spreaddheet WSTLOAD2.XLS, Sheet labeled COMPARISON

Revised Max Credible Accident Probability
7 _______ ______Urban Pop____ __

Old ships New ShI Rago Old Prb. New Prob Dose LCFs
27100 41600 1.631365 2.002-05 3.1E-08 3.40E+03 1.70E+00

6.0012-0 9.2E-09 1.60E+04 8.00E+00

Population doses and LCFs remain the same as before. Only the aeddent probablitles chan -

- RESULTS6.XLS

t

I V&, "t-CIL
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[4] From: Philip M Daling at -PNL5 2/7/96 10:16AM (104682 bytes: 1 In, I fl)
To:^Jacobs Engineering Group at -DOEHANFORD_1
cc: Paul S Stansbury at -PNL41
Subject: TWRS-EIS Transportation Document
-------------- Message Contents--- ---------

Text item 1:

ATTN: Mike Harker

The file containing the revised TWRS-EIS transportation impact results is
attached. I will follow this with a formal letter and the computer files
on a 3 5-inch disk. The formal package will go out in today's mail.

Thanks

Phil

(
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REVISED TRANSPORTATION IMPACT RESULTS
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ATTACHMENT 1

REVISED TRANSPORTATION IMPACT CALCULATIONS
FOR THE TWRS EIS

This attachment provides the revised transportation impact analysis in support of the Tank Waste
Remediation System (TWRS) Environmental Impact Statement. The results presented in this attachment
include the population dose and latent cancer fatality estimates for the routine (or incident-free)
transport, accident risk estimates for potential offsite shipments, and population doses for the maximum
credible transportation accidents for the following alternatives:

- No Separations including both Vitrification and Calcination subalternatives.

- Idtermediate Separations, including four subalternatives: base-case waste loading in the high-
level tank waste glass without the addition of Cs and Sr from the Waste Encapsulation and
Storage Facility (WESF); base-case loading with Cs and Sr from WESF incorporated into the
tank waste glass; 15% waste loading without additional Cs and Sr from WESF; and 40% waste
loading without Cs and Sr from WESF.

- Extensive Separations without Cs and Sr from WESF.

- Ex-Situ/In-Situ Combination without Cs and Sr from WESF.

- Phased-Implementation without Cs and Sr from WESF.

- Overpack and Ship Cs and Sr Capsules to Repository.

Results from the previous analysis' are also included that examined two other Cs/Sr capsule disposition
options, including; 1) creating HLW glass with Cs and Sr capsule material and, 2) overpacking the
capsules and storing them onsite. The revised Cs and Sr source term and overpack inventory will not
affect the transportation impacts for the onsite Cs and Sr capsule disposition option. Furthermore, the
option of vitrifying the Cs and Sr capsule material in separate campaign from the tank wastes need not be
revised.

This attachment presents re-calculated population doses for maximum credible accidents in
urban areas, routine (or incident-free) exposures, and integrated accident risk estimates for all the
alternatives. Population doses from transportation accidents the correspond to an accident probability of
I in 1,000,000 (1E-06) over the entire shipping campaign are also provided. This information was not
provided in the October letter.

The results presented include offsite transport of treated tank wastes as well as the onsite and
offsite transport of Cs and Sr capsules, onsite transport of Miscellaneous Underground Storage (MUST)

See letter from P. M. Daling to Mike Harker dated October 17, 1995.
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ATTACHMENT 1

liquids, and onsite transport of SST residuals, where appropriate. There were no changes to the input
data for onsite transport of MUST liquids, SST residuals, and Cs and Sr capsules so the transportation
impact results are unchanged from those transmitted to you in October2.

DESCRIPTION OF REVISIONS

The main revisions to the analysis have resulted from changes in the radionuclide inventories,
shipment capacities, and the addition of new subalternatives. The revisions are described below:

Significant changes have been made to the treated tank waste radionuclide compositions which
have resulted in significant changes in the per-shipment radionuclide inventories used in the
transportation impact calculations.

Treated tank waste shipping configurations have been revised. The revised configuration for all
tank wastes includes a 0.62 in' canister packaged within a Hanford Multi-Purpose Canister
(HMPC). One HMPC is shipped per railcar to the repository. A dedicated train would be used,
with a total of ten railcars per train shipment, to transport the loaded HMPCs to the repository.

- A sensitivity study to evaluate a range of vitrified waste loadings was performed. The sensitivity
study examined three waste loadings, including 20% waste oxide (base-case), 15% oxides, and
40% oxides. This assumption was applied in the Intermediate Separations Alternative. With
respect to transportation impact calculations, the waste loading assumptions affect the per-
shipment radionuclide inventories and number of shipments.

- A sensitivity study to evaluate the impacts of adding Cs and Sr capsule material to the
vitrification feed was examined. This assumption was applied in the Intermediate Separations
Alternative. This affects the per-shipment radionuclide inventories but was assumed not to
affect the number of shipments.

* Slight revisions were made to the inventories of Cs-137 and Sr-90 in the WESF capsules. The
shipping configuration for overpacked Cs and Sr capsules was also revised. The analysis now
assumes that five capsules are to be packaged within canisters that are in turn placed in a HMPC.
A total of four canisters are to be placed in each HMPC which would then be shipped in ten-car
dedicated trains to the repository. A total of 100 HMPCs (ten train shipments) containing
overpacked Cs and Sr capsules were assumed to be shipped.

- The other RADTRAN 4 input parameters (shipping distances, population densities, release
fractions, accident rates, etc.) are the same as described in WHC-SD-TP-RPT-0l6 and the
previous revision.

2 See letter from P. M. Daling to Mike Harker dated October 17, 1995.
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ATTACHMENT 1

REVISED TRANSPORTATION DATA

There were two main revisions to the transportation-related data used in the impact analysis.
These included the radionuclide inventory data that were used to determine the shipping cask
radionuclide contents and the shipping cask design configuration, which determines the volume of waste
per shipment and the number of shipments required to transport the treated tank waste materials offsite.

The basic radionuclide inventory data for the treated tank waste forms (Ci/m3) were provided by
Jacobs Engineering. These data were used to develop per-shipment radionuclide inventories that were
input to the RADTRAN 4 computer code. It was assumed that the treated tank wastes would be
packaged within 0.62 in3 canisters which would then be loaded into a Hanford Multi-purpose Canister
(HMPC). A total of four canisters would be placed in each HMPC. One HMPC would be placed on a
railcar ant transported offsite to a disposal facility via dedicated trains (i.e., trains with no other cargo).
Each dedicated train was assumed to contain ten HMPC railcars. Even though the shipping scenarios
assume the use of dedicated train shipments, each. individual cask-load was modeled as a separate
shipment. This is the configuration used for transporting treated tank wastes and overpacked Cs and Sr
capsules in all the alternatives.

Based on these assumptions and the revised radionuclide inventory data provided by Jacobs
Engineering, revised radionuclide source terms (Ci/cask-load) were developed. The revised inventories
used in the RADTRAN 4 computer calculations are presented in Table 1. Revised numbers of shipments
in each alternative are presented in Table 2. Note that Table 2 includes both the number of cask-loads of
material and the number of ten-car dedicated trains required to transport the number of cask-loads
produced in each alternative.

RESULTS

The population dose estimates in urban areas for the maximum credible accident scenarios from
the RADTRAN 4 calculations are summarized in Table 3. The maximum credible scenarios were
defined as those with probabilities greater than one in one-million (IE-06) over the entire shipping
campaign. As shown, there were no accident scenario probabilities close to IE-06 for some of the
alternatives. In these situations, the accident scenarios with probabilities nearest to IE-06 are shown in
the table. The table includes the estimated annual frequencies of the maximum credible accidents for
which the population doses are reported. These were computed by RADTRAN 4 using the same
accident rates (accidents/kin), travel fractions in urban population zones, and conditional probabilities of
accidents of various severities that were reported in the TWRS EIS transportation impact support
document? The revised numbers of shipments reported in Table 2 were used in the calculations. Table
3 also shows the calculated latent cancer fatalities, obtained by multiplying the population dose by 5E-04
LCFs/person-rem, as was done for the support document.

3 See WHC-SD-TP-RPT-016 for a description of the input parameters used to calculate
the probabilities of transportation accidents.
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ATTACHMENT 1

Table 1. Radionuclide Inventories for
Treated Tank Waste Shipments

Att-1.5

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

Intermediate Separations,
base-case loading w/o Cs

No Separations, Vitrified No Separations, Calcined and Sr material
Ms - HW HLW

Am-241 7.08E-01 3.84E+00 1.13E+01
Am-243 2.26E-04 1.23E-03 3.60E-03
Cm-244 8.04E-04 4.35E-03 6.64E-03
Cs-137 2.38E+02 1.29E+03 4.17E+03
Ni-63 1.83E+00 9.93E+00 3.15E+01
Np-237 4.75E-04 2.571-03 7.43E-03
Pu-238 7.35E-03 3.99E-02 1.24E-01
Pu-239 1.80E-01 9.74E-01 2.93E+00
Pu-240 4.56E-02 2.47E-01 7.55E-01
Pu-241 5.1B-0C1 2.76E+00 8.78E+00
Ru-106 2.58E-07 1.401-06 4.28E-06
Sm-151 4.29E+00 2.3E+01 7.43E+01
Sn-126 4.27E-03 2.31E-02 5.63E-02
Sr-90 2.97E+02 1.61E+03 6.3 1 E+03
Tc-99 2.19E-01 1.1 8E+00 7.1 OE-0 1
U-233 8.24E-08 4.47E-07 I.35E-06
U-234 1.44E-06 7.82E-06 2.37E-05
U-235 1.40-04 7.60E-04 2.37-03
U-238 3.28E-03 1.78E-02 5.41E-02
Zr-93 2.68E-02 IA5E-01 4.621-01
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Radionuclide Per-shipment Radionuclide Inventory, CiLshipment

Intermediate Separations, Intermediate Separations, Intermediate Separations,
base-case loading w/ Cs 15% oxides loading w/o 40% oxides loading w/o

and Sr material Cs and Sr material Cs and Sr material

Am-241 1.13E+01 8.45E+00 2.25E+0I
Am-243 3.60E-03 2.70E-03 7.21E-03
Cm-244 6.64E-03 4.98E-03 1.33E-02
Cs-137 1.04E+04 3.13E+03 8.33E+03
Ni-63 3.15E+01 2.37E+01 6.31E+01
Np-237 7.43E-03 5.57E-03 1.49E-02
Pu-238 - 1.241-01 9.29E-02 2.48E-01
Pu-239 2.93E+00 2.20E+00 5.86E+00
Pu-240 7.55E-01 5.66E-01 1.51E+00
Pu-241 8.78E+00 6.59E+00 1.76E+01
Ru-106 4.28E-06 3.2 1E-06 8.56E-06
Sm-151 7.43E+01 5.57E+01 1.49E+02
Sn-126 5.63E-02 4.22E-02 1.13E-01
Sr-90 9.02E+03 4.73E+03 1.26E+04
Tc-99 7.10E-01 5.32E-01 1.42E+00
U-233 1.35E-06 1.01E-06 2.70E-06
U-234 2.37E-05 1.77E-05 4.73E-05
U-235 2.37E-03 1.77E-03 4.73E-03
U-238 5.41E-02 4.05E-02 1.08E-01
Zr-93 4.62E-01 3.46E-01 9.23E-01
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Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

Extensive Separations Phased Implementation Ex-Situ/In-Situ
Combination

Am-241 2.64E+02 1.24E+O1 1.73E+01
Am-243 8.45E-02 3.98E-03 6.63E-03
Cm-244 2.91E-01 6.64E-03 1.25E-02
Cs-137 8.87E+04 4.17E+O3 7.33E+03
Ni-63 1.07E+OI 3.15E+01 5.05E+O1
Np-237 1.77E-0I 7.43E-03 1.38E-02
Pu-238 2.72E+00 1.28E-01 9.84E-02
Pu-239 - 6.63E+O1 3.12E+00 3.67E+00
Pu-240 1.68E+O I 7.90E-01 9.15E-01
Pu-241 1.88E+02 8.85E+00 9.94E+00
Ru-106 9.57E-05 4.28E-06 3.17E-06
Sm-151 O.OOE+00 7.43E+01 1.07E+02
Sn-126 1.58E+00 5.63E-02 8.22E-02
Sr-90 1.35E+05 6.36E+03 8.82E+03
Tc-99 8.12E+O1 3.82E+00 1.28E+00
U-233 4.65E-08 1.35E-06 2.16E-06
U-234 8.54E-07 2.37E-05 3.83E-05
U-235 8.30E-05 2.37E-03 4.3OE-03
U-238 1.93-03 5.41E-02 9.73E-02
Zr-93 1.21E-01 4.62E-01 6.19E-01
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Table 2. Number of Offsite Shipments in Each Alternative

No. Of
No. Of 0.62 m3  No. of Dedicated Train

Alternative Canisters Cask-loads(* Shipments()

No Separations
- Vitrification 587,000 146,860 14,690
- Calcination 108,388 27,100 2,710

Intermediate Separations
- Base-case 33,400 8,350 840
- 15% Waste Loading 44,500 11,130 1,110
- 40% Waste Loading 16,700 4,170 420

Extensive Separations 1,570 390 40

Phased Implementation 33,400 8,350 840

Ex-Situ/In-Situ Combination 16,700 4,170 420
(a) Shipping casks are loaded with one Hanford Multi-purpose Canister per railcar. Four canisters

are contained within a single HMPC.
(b) Ten railcars per dedicated train were assumed.
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ATTACHMENT 1

Table 3. Population Dose Estimates for The Maximum Credible
Transportation Accidents In Urban Areas

Population No. Of
Dose, person- Expected Population

Alternative Material rem Accidents Risk, LCFs

Intermediate HLW glass with Cs 9.4E+03 6E-06 5
Separations and Sr (base-case
Alternative loading)

HLW glass w/o Cs 4.2E+03 6E-06 2
and Sr (base-case
loading)

HLW glass at 15% 3.3E+03 8E-06 2
waste loading, w/o Cs
and Sr

HLW glass at 40% 7.9E+03 3E-06 4
vaste loading, w/o Cs

and Sr

No Separations HLW calcined w/0 Cs 3.4E+03 2E-05 2
Alternative and Sr 1.6E+04 6E-09 8

HLW vitrified w/o Cs 3.2E+02 IE-04 None (0.2)
and Sr 3.3E+03 3E-08 2

Extensive HLW glass w/o Cs .OE+03 2E-06 None (0.5)
Separations and Sr )
Ex-Situ/In-Situ HLW glass w/o Cs 7.0E+03 3E-06 4
Combination and Sr

Phased- HLW glass w/o Cs 4.2E+03 6E-06 2
Implementation and Sr
Alternative

Applicable to Overpacked Cs/Sr 4.5E-01 4E-07 None
several alternatives capsules (2E-04)

1.5E+02 7E-08 None (0.07)
(a) The frequencies and population doses for two accident severity categories arelprovided for some shipments

because there were no severity category frequencies near IE-06/yr, the definition of a credible accident
used in this study. For these situations, the severity categories closest to IE-06 expected accidents are
shown in the table.
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ATTACHMENT 1

An alternative approach to characterizing the consequences of the maximum credible accident
was also explored. RADTRAIN 4 offers the option of generating data that can be used to plot a
cumulative distribution function of consequences. The data represent the cumulative probabilities of
accidents that have consequences equal to or less than the specified value. Therefore, the consequences
of accident scenarios whose cumulative probabilities are less than are equal 1E-06 can be can be taken
from the curve represented by the cumulative distribution function generated by RADTRAN 4. This has
the effect of improving the comparison of alternatives because the accident scenario probability is IE-06
for all the alternatives, rather than the probabilities given in Table 3. However, it is a more complex
concept than that represented by the results in Table 3 and would be far more difficult to explain in an
EIS. Consequently, no recommendation is made here on which form of the maximum credible accident
results should appear in the EIS.

The cumulative distribution function generated by RADTRAN 4 for the Extensive Separations
alternative is shown in Figure 1 for illustration purposes. The points plotted on the figure were
calculated by RADTRAN 4 and the figure was created using spreadsheet graphics software. The
consequences corresponding to a cumulative probability of 1E-06 were found to be approximately 3E+04
person-rem. This value was reported in Table 4. Similar plots for all the alternatives presented in Table
4 were created using RADTRAN 4 output data and the appropriate consequences were taken from the
plots.

As a result of the revised inventories and shipping cask information, all of the routine exposure
and accident impact results for each of the alternatives were updated. The revised routine exposures are
shown in Table 5 and revised accident impacts are presented in Table 6. Tables 7 and 8 provide the
revised routine exposure and accident impact results for the Cs and Sr disposition alternatives. Only the
results for the alternative involving overpacking and offsite shipment have changed from the previous
analysis.
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Table 4. Population Dose Estimates that Correspond to
An Accident Probability of I E-06

Over the Entire Shipping Campaign

Population Dose, Population Risk,
Alternative Material person-rem LCFs

Intermediate HLW glass with Cs and Sr (base- IE+04 $
Separations case loading)
Alternative

HLW glass w/o Cs and Sr (base- 6E+03 3
case loading)

HLW glass at 15% waste loading, 5E+03 3
w/o Cs and Sr

HLW glass at 40% waste loading, 1E+04 5
w/o Cs and Sr

No. Separations HLW calcined w/0 Cs and Sr 4E+03 2
Alternative

ILW vitrified w/o Cs and Sr 8E+02 None
(0.4)

Extensive HLW glass w/o Cs and Sr 3E+04 15
Separations

Ex-Situ/In-Situ HLW glass w/o Cs and Sr 9E+03 5
Combination

Phased- HLW glass w/o Cs and Sr 6E+03 a
Implementation
Alternative

Applicable to Overpacked Cs/Sr capsules 2E+0 I None
several alternatives (0.01)

(a) Consequence estimates represent the expected population dose for accident scenarios whose
probability of occurrence is 1 in 1,000,000 (IE-06) when integrated overthe entire shipping
campaign.
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Consequences, person-rem

Figure 1. Cumulative Distribution Function for Treated Tank Waste
Shipments in the Extensive Separations Alternative
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Table 5. Revised Transportation Routine Exposure Results

Population Dose, person-rem Latent Cancer Fatalities
Material-

Worker Public Worker Public

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW , 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

MUST 7.60E-01 2.12E-01 3.04E-04 1.065-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E,03 1.20E-05 4.49E-06
HLW 4.87E+03 2.34E+02 1.95E+00 1.17&01
TOTAL 4.87E+03 2.34E+02 1.95E+00 1.17E-01

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04B-01 8.45&02 1.22E-04 4.23E-05
Cs capsules 2.47-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.015-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.83E+03 8.77E+01 732E-01 4.38E-02
TOTAL 1.83E+03 8.80E+01 7.32E-01 4.40E-02
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ATTACHMENT 1

Population Dose, person-rem Latent Cancer Fatalities
Material

Worker Public Worker Public

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 6.43E+04 3.09E+03 2.57E+01 1.54E+00
TOTAL 6.43E+04 3.09E+03 2.57E+01 1.54E+00

____________I. - atONR " ntt.,

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04-01 8A5E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.19E+04 5.70E+02 4.76E+00 2.85E-01
TOTAL 1.19E+04 5.70E+02 4.76E+00 2.85E-01

51EA:M3a7 I illauv

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.5E-02 1.22E-04 4.23E-05
Cs capsules 2A7E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4A9E-06
HLW 1.83E+03 8.77E+01 7.32E-01 4.38E-02
TOTAL 1.83E+03 8.80E+01 7.32E-01 4.40E-02

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4A92-06
HLW 1.71E+02 8.19E+00 6.84E-02 4.10E-03
TOTAL 1.72E+02 8.50E+00 6.88E-02 4.25E-03
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ATTACHMENT I

Population Dose, person-rem Latent Cancer Fatalities
Material 

_ TPbiWorker Public Worker Public

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

Table 6. Revised Integrated Population Risks From Transportation Accidents

Population Latent Cancer Population Latent Cancer
Dose, person- Fatalities Dose, person- Fatalities

Material rem Material rem

MUST 3.43E-03 1.37E-06 MUST 3.43E-03 1.37E-06
SST l.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules l.335-05 5.32E-09 Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HLW 9.25E-02 4.63E-05 HLW 2.06E-01 1.03E-04
TOTAL 1.12E-01 5.39E-05 TOTAL 2.25E-01 1.11E-04

tint~~ 4EStntP erm i tat e pa ra qo QW S

MUST 3.43F-03 1.37E-06 MUST 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules 133E-05 5.32E-09 Cs capsules 1.33&05 5.32E-09
Sr capsules 2.02-08 8.08E-12 Sr capsules 2.02E-08 8.085-12
HLW 9.52E-02 4.76E-05 HLW 8.60E-02 4.30E-05
TOTAL 1.14E-01 5.53E-05 TOTAL 1.05E-01 5.07E-05

Att-1.15



ATTACHMENT 1

Population Latent Cancer Population Latent Cancer
Dose, person- Fatalities Dose, person- Fatalities

Material rem Material rem

MUST 3.43E-03 1.37E-06 MUST 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules 1.33E-05 532E-09 Cs capsules 1.33E-05 532E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08-12
HLW 1.21E-0I 6.05E-05 HLW 2.31E-01 -L.-E-0- 1
TOTAL 1.40E-01 6.82E-05 TOTAL 2.50E-01 4:25E=04

MUST 3.43E-03 1.37E-06 MUST 3A3E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST 1.581-02 6.32E-06
Cs capsules 1.33E-05 5.32E-09 Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HLW 7.64E-02 3.82E-05 HLW 6.59E-02 3.30E-05
TOTAL 9.56E-02 4.59E-05 TOTAL 8.51E-02 4.06E-05

MUST 3.43-03 1.37E-06
SST 1.58E-02 6.32E-06
Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12
ILW 9.27E-02 4.64E-05
TOTAL 1.12E-01 5AOE-05

(

Att-1. 16



ATTACHMENT 1

Table 7. Revised Transportation Routine Dose Impacts
from Cs/Sr Disposition Alternatives

Population Dose, Person-rem Latent Cancer Fatalities

Worker Public Worker Public

Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Glass . 1.97E+01 9A6E-01 7.88E-03 4.73E-04
TOTAL L98E+01 9.62E-01 7.90E-03 4.81E-04

- ~ 111 ]sqUtrnmQve ac i9ffii(MN6 _ ___ __

Cs capsule 2A7E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsule 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Overpacked 4.38E+01 2.11 E+00 1.75E-02 1.06E-03
capsules

TOTAL 4.39E+01 2.13E+00 1.75E-02 1.06E-03

Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4A9E-06
Overpacks O.OOE+00 O.OOE+00 O.OOE+00 0.00E+00
TOTAL 5.48E-02 163E-02 2.19E-05 8.17E-06
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ATTACHMENT 1

Table 8. Transportation Accident Impacts of Cs and Sr
Disposition Alternatives

Population Risk, Latent Cancer Fatalities
Material person rem

Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12
Glass 3.10E3-02 1.55E-05
TOTAL - 3.10E-02 1.55E-05

Cs capsule 1.3313-05 5.32E-09
Sr capsule 2.02E3-08 8.08E-12
Overpacked Capsules 3.44E-05 1.72E-08
TOTAL 4.77E-05 2.25E-08

Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12
Overpacks Offsite 0.00E+00 0.OOE+00
TOTAL 1.33E-05 5.33E-09
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ATTACHMENT 2

RADTRAN4 OUTPUT FILES

The attached 3.5-inch disk provides the RADTRAN4 output files that were developed to model
offsite shipments of treated tank wastes and packaged cesium and strontium capsules (filename
RADTRAN2.OUT). The output files contain an input echo as the first part of the file so the attached
files document both the input parameters used in the calculations as well as the output. The table below
is a key to the attached files, listing the files in the order they appear in the file on the attached disk, plus
presents the filename and a brief description of the material analyzed in each file. Also on the enclosed
disk are the spreadsheet files used to perform some of the calculations documented in this study. These
include WSTLOAD2.XLS (calculated per-shipment radionuclide inventories and numbers of shipments),
RESULTS5.XLS (calculates total routine exposures and integrated accident risks), and MAX-
CRED.XUJS (risk curves for each material).

No. RADTRAN4 Filename Alternative and Material Analyzed

I COMBO2.OUT Ex-situ/ln-situ combination alternative, vitrified tank waste
without Cs and Sr capsule materials.

2 CSSROP2.OUT Overpacked Cs and Sr capsules.

3 EXTSEP2.OUT Extensive separations alternative, vitrified tank waste without
Cs and Sr capsule materials.

4 INT152.OUT Intermediate separations alternative, vitrified tank waste at 15%
waste oxide loading.

5 INT402.OUT Intermediate separations alternative, vitrified tank waste at 40%
waste oxide loading.

6 INTBW2.OUT Intermediate separations alternative, vitrified tank waste at
base-case (20%) waste oxide loading.

7 INTBWO2.OUT Intermediate separations alternative, vitrified tank waste at
base-case (20%) waste oxide loading. Cs and Sr capsule
material vitrified with tank wastes.

8 NOSEPCW2.OUT No separations alternative, calcined tank wastes without Cs and
Sr capsule materials.

9 NOSEPVW2.OUT No separations alternative, vitrified tank wastes without Cs and
Sr capsule materials.

10 PHASED2.OUT Phased-implementation alternative, vitrified tank wastes
without Cs and Sr capsule materials.
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Table B.10.0.3 Resource Suntmatry. Tank Waste Alternatives

Resource Phase No Action Long-Term In Situ Fill [n Situ Ex Situ
Alternative Management and Cap Vitrification Intermediate

Alternative Alternative Separations
Alternative

Land. permanently Total i7 25 25 25 40
committed (hectares)
(Long-term commitment Construction/ 0 N/A N/A N/A 7
of radiologically Operation
contaminated area)

Closure 17,- 25 25 25 33

Land. incremental Totl 0 42 21 111 log
temporarily committed I
(hectares) (area Construction/ 0 42 1 91 84
disturbqd during Operation
construction and I
operations) Closure 0 NIA 20 20 24

Borrow Fit Disturbed McGee N/A N/A 16 16 21
Area (hectares) based on Ranch
an excavation depth of 3
meters Pit 30 N/A N/R 39 57

Vernita N/A N/A 21 21 27
Quarry

Water, Total 'Sanitary plus 1.52E-06 l.52E+06 2.43E+06 1.71E+08 j-+7E+07
(cubic meters) Raw Water . a.Y

Water. Sanitary Total N/R NIR 2.43E+06 l71E+OS 5
(cubic meters)

Construction N/tR N/R 5.9E+05 L.7E+08 5.E+05

Operation N/R N/R L8E-06 i2E+06 +06

Closure N/R N/A 4.13E+04 3.8E+04 6.OE-04

Wamr.Raw Total IJE+d L52E+06 N/R N/R 4-G9E+07
(cubic meters)

Consarucrion N/A 1.7E+04 N/R N/R INIR

Operation 1.5E+06 1.SE+06 NIR NR h'4 +07

Closure N/A N/A N/R IN/R N/R

Energy Total LIE+03 l.IE+03 1.SE+00 4.46E+03

Construction N/A - 4.4E-01 - L.SE+00 5.6E+01 7.4E+01

Operation LIE-03 I.IE+03 9.5E+02 4.4E+03

Closure N/A N/A N/R N/R N/R

Gasoline (cubic meters) Total N/A 8.BE+04 4.OE+02 1.5E-04 S.OE+03

Construction N/A 8.6E+04 9.7E+01 l5E+04 7.hE+03

Operation N/R N/R NIR NR --Yo(

Closure N/A N/A 3.0E+02 3.OE+02 3.E+02
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I Table B.10.0.3 Resource Summary, Tank Waste Alternatives (cont'd)

2 Resource Phase No Action Long-Term In Situ Fill In Situ Ex Situ
Alternative Management and Cap Vitrification Intermediate

Alternative Alternative Separations
Alternative

3 Diesel (cubic meters) Total 2.2E+04 8.5E+04 5.96E+04 7.1E+04 +

Construction N/A 6.3E+04 1.3E+03 1.5E+04 2.1E+04

Operation 2.2E+04 2.2E+04 6.IE-03 6.1E+03 4E+03

Closure N/A N/A 5.22E+04 4.5E+04 6.62E+04

4 Kerosene (cubic meters) Operation N/A N/A N/A N/A +04

5 Materials: Total N/A 3.5E+05 1.9E+04 .3E+0 &
6 Co~icr-ce
7 (cubic meters) Construction N/A 3.5E+05 N/R 1.3E+05 +05

Operation N/A N/A N/R N/R

Closure N/A N/A 1.9E+04 N/R 1:9E+04

8 Carbon Steel Total 1E+03 1.332+04 N/R9 2.6+05 +05
9 (metric tons)

Construction N/A 1.23E+04 N/R 2.6E+05 1.07E+05

Operation [E+03 1.0E+03 N/R 2.6E+05 +W a-o

Closure N/R N/A N/R N/R CE

uP&Wr oJ3 Stainless Steel (mt) Cnstruc9on /A 2.2E+01 _ N/R

1 I Hastelloy/Inconel (mt) Construction NR N/R N/R N/R 2.31+03

12 Glass Farmers (mt) Operation N/A N/A N/A 1.1E+04 +05

13 Process Chemicals (mt) Operation N/A N/A N/R 6.8E+03 4 E+05

14 Bulk sulfur cement Operation N/A N/A N/A N/A A"
15 sulfur (mt) -. 30E+05
16 dicyclopemadine (mt) 3-4E+03
17 oligomer (mt) S- 3-4E+03

18 Ion exchange media Operation N/A N/A N/A N/R 2.2E+02
19 (cubic meters) -

20 Borrow Site Silt Closure N/A N/A 3.77E+05 3.77E+05 5.26E+05
21 (cubic meters) -

22 Borrow Site Sand and Total - N/A N/A 1.1E+06 9.55E+05 4-68E+06
23 Gravel (cubic meters)

Construction N/A N/A- 6.9E+05 N/R 3.17E+05.

Operation N/A N/A (see 5.4E+05 N/A
construction) /, 1 Z-gC.

Closure N/A N/A 4.15E+05 4.15E+05 1.36E+06

24 Borrow Site Basalt Closure N/A N/A 6.38E+05 6.38E +05 8.05E+05
25 (cubic meters)

26 Asphalt (cubic meters) Closure N/A N/A 6.25E+04 6.25E+05 8.07E+04

deistpprbaIpent.dl
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Tuble 11.10.0.3 IIsotsrSe S utmry, Tutsk Wlse Alternatives (cust'd)
lesource PExse Er Situ No E Situ No Ex Situ IEx Sit It/ PlIased Phlasedi

Separations Separatiov Etins Extensive III Sit I lnaplemenAairn tplementation)
Alternative Alternative Separions Co lionul I Alternallive Alternative (Ihas 2)

(ViIrifletfull) (CuIcis'aIlon) Allernative Allernative (ilase 1)

L.and. perianltly
coMItilled (heciares)
(I.ong-terni
comuislnt ofr
radiologicnlly
cuniaitined area)

Land, increms ial
temporarily
cititussiaed (hectares)
(area distus Iid duri1g
constricios and
operations)

Btorrow Pit D)isturbed
Area (heelares) Isased
oni an excavation
depth of 3 meters

Water. Tom]ls
(cubic meters)

Waler, Sanitary
(cubic tmelers)

Water, Raw
(cubic Inelers)

Total 27 27 40 37 0 43

Construction/ 2 2 1 I t o
Operation J
Closure

Total

25

83

25

83

33

108

29

106

0

33

33

108

Consttueliasn/ 63 63 84 133 84
SOfterzliitn

Closure

Nicace Hanch

Pit 30

Vernita
Quarry

20 20 24 22 0 24
t I- 4 I . .- . I ._ _ _ _ _

16
-2
44

21

16
--

44

21

21

59

27

18

32

23

*35-11-1-07I' I I

4-351'1+07

J+06

4.1911+05

0

0

0

Sanitary plus
Rtaw.Water

Total

Constructing

Operation

Closure

Total

Construction

Operation

Closure

2.8-106
4.

WHI+06

2.3911+05

421+06

4.131!+04

N/It

N/It

2.4131-06

3.611--05

2.391+05

2.081-+06

4.13Vi+04

8.5811+04

N/It

8.581+04

N/It

31X9E+07

-3 13+06

5.291-1+05

2.05H+05

W+07

N/t

0+07

4.911 1-04

5P+07

5.5ils+06

S+06I

N/It
I I - j ___________ 5

6.31-+05

3.91--05

2.22+05

1.61-+04

2.2+-1-06

N/it

2.22+06

N/It
-i

21

SI

27

"1113. +07

1. 51

o3ga.
IA8$I+06

2.541--105

A+06

6.0311+ 4

N/it

N/It

44 i,44..tP.

'0

PA
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.able 11.10.0.3 Itesource Summary, Tank Waste Alternatives (coltt'l)

Iesource Pihuse Ex Situ No Ex Situ No Rx Situ Ex Situ/ Ilaselt IPased
Separat Ins Separallons Ext etsive It Situ Implementation Implementation
Alternative Alternative Separalions Comblontion Alternative Alternative (Phase 2)

(Vitrlflentlon) (Cnlelnallon) Allernautive Alternative (I'Itnse 1)

Energy Total .02-+03 4.721+03 . 4 +04 "41 +03 1.71+03 '-4
Eleiricity (flwh)

Construction 3.01+01 3.011+01 8.91+01 3.82+01 5.011+01 3.731-01
Operation R6;R+03 4.691+03 +6 L0-

It &SL'WE+ 03 1.6131+03 -HU

Closure N/It . N/It N/It N/it N/it N/It

Gasoline (cubic Total 5.42+03 5.41'+03 -1+04 3.0E+05 6.82+03 +03
imelers)-

Cwistroctioi 5.111103 5.1fl+03 9.7-103 3.01+05 6.52+03 4.711+03

Operation N/It N/it ./It N/It ti,- '. to

Closure 3.01E+02 3.011+02 3.9111+02 3.3613+02 3.3E+02 3.9111+02

Diesel (cubic meters) 'Ioal 4 - .. +-"M-y u 9614131 -541-.0 3.613+04 4-104

Consiruction 1.192+04 1.19E+04 2.91+04 4.5411+05 1.813+04 1.31+04

Operation +L2 t ++ '4!. 03 2.01:+02 I-2E2+03

Closure 5.22H+04 5.222+04 6.122+04 5.813+04 1.811+04 1.811+04

Kerosene (cubie Operation 5.64i+F6- 8.05J+04 9 L6H+04- 2-.911+04 9.81:102 349:+04
uecters) t- O /;/A'14 3Sto 4.'3

Materials: Total 1+06 -I54+06 6 413-1+05 2.41;+04
Concrete V 0 6-63
(cubic meters) Cojistrueliol 2.66l.05 U,6'+05 5.01!++ 05 2.41:+04 -+04

Operation INUt 4 4.41--1-02 +9I-cet 0

Clusure 1.9f+04 .92+,04 1.911+04 1.91+04 0 1.911-104 \~
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Table 11.10.0.3 Itseource Sumniary 'rank Waste Allernalves (cant'd)

It esonurce Phase Ex Situ No Ex Situ No Ex SliIn Rx Sili/ Phased I'liased
Sepuradlons Separatdons Extensive II Situ nImpl menatilon Implementation
Alt ernative Allernative Separallons Comblnsulon Alternative Allernative (Phase 2)

(VitriflenIlan) (Culcimnrlon) Alternative Alternative (Phase 1)

Carl on Steel 'otal 248 4,2-3 + 05 8.31+04 7-H+47
(m etric ltu s) - - 2 + - F , e73-

Csr,-- +04 1.4 13 + 05 7-.4m-SS +04 8.31:-1-04 . +01

4Operalui-4+4 9A 6 2.91-1+02 -,W
Closure N/A N/A -/AN/A N/A N/A

St-ainless Stuel (1111) ou istruIeo 'j-1 1TC 61 24O-U - .5j3 t: i.su--o4

- o-Ty r i~ : _63el s 1' Co *r W, -1i .- -.151E-UN
Glass Iarmers (1iii) Operation 4.+05 N/A 3-X05 4 -705 1.313+05 qK+05

Prcuess Chemticals Operation 4-.%H+05 3.061-1-05 8-61-+05- 9:-5513+04- 5.811+04 h-S-i+05
(in ) 3.3t .I5.to 4  .q /i-1-o.
1ulk sulfur cemseal Operation ./r/Iro& ' l3Cfr -,
sulrur (eill) N/A N/A - 1 .+05 E+14- I1W-+05 4-Ifehot
dicyclopeilladine (mt) N/A N/A /etoq 4,461403 .R:+03 74E02 -34I+-3 5,9cfl
oligomer (mt) N/A N/A /1 H-s 446-+03 1,011+03 1, : W41143- S. j 3

________ - t at. .37 4et P'
lon excliange media Operation N/A N/A 4.911-1-03 1.111+02 1.41U+Al 1.411+02
(cubic mcwers)

1l1orrow Site Sill Closure 3.771+05 7713.1 05 5.352+05 4.361+05 0 5.2611--0S
(cubeic et ers)

Ilurrow Site Soaid and Total L-9 H7 - 4 +06 6%+r1.2114-04 A-l1+06Gravel (cuiie meters) C r+++. ++
coustrucliim 4-.29--O 3rL+05+OS 4k-.IP-O-0 1.213+04 1,7i11-i-05

Operation N/~A .N,/&q_-DC IN/A-- 3/A N/O d___ __see f0 N/A -N'A f 7fl"
1-45_____ 7 _. _ construction)

Closure 1.172+06 1.17R-+ 06 1.3613+06 9.41.05 N/A 1.3613-+06

Borrow Site fIlasuli Closure 6.381-405 6.381.+05 8.051--05 7.01-r+05 N/A 8.05+1-05
(clibic mneters) I

7

N

.11.1 - . -

5

6

7

8
9 1

10
I I
12.
13

14
15

16
17

18
19



Table 11.10.0.3 Resource Summary, 'rank Waste Alterontives (cont'd)

Iesource PIhise Ex Silt No Ex Situ No Ex Situ Erx SHIt/ Phased Plhnsed
Separanlons Separations Extensive in Situ Implementation Implem entation
Alternative Alternative Separations Combinalint Alternative Allernaive (Phase 2)

(Vitrifieation) (Calcination) Alternative Alternative (Phiunse 1)

Asphalt (cubic Closure 6.251+04 6.231+04 8.162+04 6.982+04 N/A 8.071+04
meters)

Notes:
'Sill and Basalt artrow mnerials are
N/A = Not Applicable
N/it = Not Reported

used only ftr barrier construction during closure.

2

wa
10
41

I



Alternative Borrow Type Amount (m' [ft]) Location

No Action (Tank Waste) N/A N/A N/A

Long-Term Management N/A N/A N/A

In Situ Fill and Cap Aggregate 690.000 (2.5E+07) Pit 30

1
2

3

4

5

6

7

8
9

10

11

12

13

14
15
16
17
18
19

20

21

22

23
24
25
26

27

28
29

30
31
32

33

34
35
36
37
38
39

Ex Situ Intermediate Separations

Ex Situ No Separations
- Vitrification
- Calcination 912

hal

Sand 540,000 (1.9E+07) Pit 30

Aggregate ; -- 1 317.000 (1.1E+07) Pit 30

Aggregate
Aggregate

1,0 ' (9,2h
123,000 (4.4E+06)

4.4E+06
Pit 30 ;2 uVc
Pit 30

Ex Situ Extensive Separations Aggregat - 372,00 3+07) Pit 30

Ex Situ/In Situ Combination Aggregate 4l0,0&t.SE+07) Pit 30

Phased Implementation (Phase 1 only) Aggregate 9s4. )0 12,000 (4.3E+05) Pit 30

Phased Implementation (Phase 2) Aggregate tte 4,1 159,000 (5.71+06) Pit 30

Notes: 5-110-0
N/A = Not Applicable

Table 3.6.2 Borrow - Materials Used for Backfill of Empty Tanks for all Ex Situ Alternatives

Alternative Method Kind Amount (M3 [ft'I) Location

Ex Situ (all) Tank Stabilization Aggregate 754,000 (2.7E+07) Pit 30

Ex Situ/In Situ Combination Tank Stabilization Aggregate 452.000 (1.61+07) Pit 30

Phased Implementation (Phase 2) Tank Stabilization Aggregate 754,000 (2.7E+07) Pit 30

Table 3.6.3 Borrow - Materials Used for Construction of Hanford Barriers

Alternative Borrow Kind Amount (in' [fti) Location

In Situ Fill and Cap. In Situ Vitrification, Silt 377,000 (1.3E+07) McGee Ranch

Ex Situ No Separations Riprap 638,000 (2.3E+07) Vernita Quarry
Aggregate/Sand 415.000 (1.5E+07) Pit 30

Ex Situ Intermediate Separations. Extensive Silt 530.000 (1.9E+07) McGee Ranch
Separations, or Phased Implemenration Uiprap 805.000 (2.9E+07) Vernita Quarry

(Phase 2) 2 .. Aggregate/Sand 606.000 (2.2E+07) Pit 30

Ex Situ/In Situ Combination Silt 436,000 (1.6E+07) McGee Ranch
Riprap 490.000 (1.7E+07) Vernira Quarry
Aggregate/Sand 700,000 (2.5E+07) Pit 30

4-9

7 4 /19

IS),,

Notes:
' Includes materials to construct barriers over tank farms.
2 Includes materials to construct barriers over tank farms and the LAW disposal vaults.
N/A = Not Applicable

3-103

In Situ Vitrification

deLie, sa ccll
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Table 3.6.1 Borrow Site Suinary - Materials Used During Construction and Operations
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Resource Phase No Action Long-Term In Situ Fill In Situ Ex Situ
Alternative Management and Cap Vitrification Intermediate

Alternative Alternative Separations
Alternative

Land. permanently Total 17 25 25 25
committed (hectares)
(Long-term commitment Construction/ 0 )/ ..N/KH[ /NA'
of radiologically Operation
contaminated area)

Closure 17 2!'( ;Y-3

Land, incremental Total 0 21 li 408I
temporarily committed
(hectares) (area Construction/ 0 2 91 4
disturbed duringOprtoX
construction andO
operations) Closure 0 N/A 20 20 24

Borrow Pit Disturbed McGee N/A N/A 16 16 ;r
Area (hectares) based on Ranch
an excavation depth of 3
meters Pit 30 N/A N/R 39 34 .5f 7

Vernita N/A N/A 21 21 3</
Quarry

Water, Total Sanitary plus 1.52E+06 1.52E+06 2.43E+06 1.71E+08 1.47E+07
(cubic meters) Raw Water

Water, Sanitary Total N/R N/R 2.43E+06 1.71E+08 3.6E+06
(cubic meters)

Construction N/R N/R 5.9E+05 1.7E+08 5.OE+05

Operation NIR N/R 1.8E+06 1.2E+06 3.1E+06

Closure N/R N/A 4.13E+04 3.8E+04 6.0E+04

Water, Raw Total 1.5E+06 1.52E+06 N/R N/R 1.07E+07
(cubic meters)

Construction N/A 1.7E+04 N/R N/R N/R

Operation 1.5E+06 1.5E+06 N/R N/R 1.07E+07

Closure N/A N/A N/R N/R N/R

Energy Total 1.LE+03 1.1E+03 1.8E+00 4.46E+03 9.07E+03
Electricity (Gwh)

Construction N/A 4.4E-01 1.8E+00 5.6E+01 7.4E+01

Operation 1.1E+03 1.1E+03 9.5E+02 4.4E+03 9.0E+03

Closure N/A N/A N/R N/R N/R

Gasoline (cubic meters) Total N/A 8.6E+04 4.0E+02 1.5E+04 8.0E+03

Construction N/A 8.6E+04 9.7E+01 1.5E+04 7.6E+03

Operation N/R N/R N/R N/R N/R

Closure N/A N/A 3.0E+02 3.0E+02 3.9E+02

B-189

Table B.1O.0.3 Resource Summary, Tank Waste Alternatives 60 (2C1-z/-?/4(-
'7

24
25
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Table B.10.0.3 Resource Summary, Tank Waste Alternatives (cont'd)

Resource Phase No Action Long-Term In Situ Fill In Situ Ex Situ
Alternative Management and Cap Vitrification Intermediate

Alternative Alternative Separations
Alternative

Diesel (cubic meters) Total 2.2E+04 8.5E+04 5.96E+04 7.IE+04 8.82E+04

Construction N/A 6.3E+04 1.3E+03 1.5E+04 2.1E+04

Operation 2.2E+04 2.2E+04 6.1E+03 6.1E+03 1.02E+03

Closure N/A N/A 5.22E+04 4.5E+04 6.62E+04

Kerosene (cubic meters) Operation N/A N/A N/A N/A 5.8E+04

Materials:- Total N/A 3.5E+05 1.9E+04 1.3E+05 7.29E+05
Concrete
(cubic meters) Construction N/A 3.5E+05 N/R 1.3E+05 5.4E+05

Operation N/A N/A N/R N/R 1.7E+05

Closure N/A N/A 1.9E+04 N/R 1.91+04

Carbon Steel Total 1E+03 1.33E+04 N/R 2.6E+05 1.64E+05
(metric tons)

Construction N/A 1.23E+04 N/R 2.6E+05 1.07E+05

Operation IE+03 1.0E+03 N/R 2.6E+05 N/R

Closure N/R N/A N/R N/R 1.9E+04

Stainless Steel (mt) Construction N/A 2.2E+01 N/R N/R 1.9E+04

Hastelloy/Inconel (mt) Construction N/R N/R N/R N/R 2.31+03

Glass Formers (mt) Operation N/A N/A N/A 1.1E+04 2.94E+05

Process Chemicals (mt) Operation N/A N/A N/R 6.8E+03 1.90E+05

Bulk sulfur cement Operation N/A N/A N/A N/A
sulfur (mt) 1.30E+05
dicyclopentadine (mt) 3.4E+03
oligomer (mt) 3.42+03

Ion exchange media Operation N/A N/A N/A N/R 2.2E+02
(cubic meters)

Borrow Site Silt Closure N/A N/A 3.77E+05 3.77E+05 -&26E+45
(cubic meters) 6/4S-4C.

Borrow Site Sand and Total N/A N/A 1.1E+06 9.55E+05 1.68E+06
Gravel (cubic meters)

Construction N/A N/A 6.9E+05 N/R 3.17E+05

Operation N/A N/A (see 5.4E+05 N/A
construction)

Closure N/A N/A 4.15E+05 4.15E+05 1i 6 I.5e
Borrow Site Basalt Closure N/A N/A 6.38E+05 6.38E+05 910E5s-
(cubic meters) . S/EtO

Asphalt (cubic meters) Closure N/A NIA 6.25E+04 6.25E+05 8.07E+04

10

11

12

13

14
15
16
17

18
19

20
21

22
23

24
25

26
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3
4
5
6
7
8

9
10
11
12
13
14

15
16.
17
18

Table 1.10.0.3 Resource Suimmary, Tank Waste Alternat ves (cont'd)

Resource Phase Ex Situ No Ex Situ No Ex Situ Ex Situ/ Phased Phased
Separations Separations Extensive In Situ implementation Impletlucltftito
Alternative Alternative Separations Combination Alternajive Alternative (Phase 2)

(Vitrl'ication) (Calcination) Alternative Alternative (Phase 1)

Land. permanently Total 27 27 ,4,'0 4
commiled (heciares) "14 c_
(L.Ong-term Construction/ -r A' 1c
commiltttt of Operation -34 , 3 0 6 .-
radiologically
contaminated area) Closure 35 233 z9' 10 0/1

Land, incremental Total ,83 )Y JOB| l6 e3
temporarily D3

comuirted ( dectares) Construction/ -63 1A 63W4 84' /
(area disturbed during Operationhio ti'3 C z
constrution and
operations) Closure 20 20 24 22 0 24

Borrow Pit Disturbed McGee Ranch 16 16 ' js' - ' , /'Z 5
Area (hectares) based
on an excavation Pit 30 1 7-44 , G pA r 7
depth of 3 meters Vernia 21 21 27

Quarry 2- 7/

Water. Total Sanitary plus 2.8E+06 2.41+06 3.39E+07 1.351+07 2.82+06 1.081+07
(cubic meters) Raw Water

Water, Sanitary Total 2.34E+06 3.62+05 3.9E+06 2.52+06 6.3E+05 3.081+06
(cubic meters)

Construction 2.392+05 2.392+05 5.292+05 4.19E+05 3.92+05 2.542+05

Operation 2.06E+06 2.08E+06 3.211+06 3.08206 2.2E+05 2.771+06

Closure 4.13E+04 4.131+04 2.051+05 4.9E+04 1.6E+04 6.03E+04

Water, Raw Total 4.622+05 8.58E+04 3.02+07 I.1E+07 2.22+06 5.52+06
(cubic meters)

Construction N/R N/R N/R 5.52+06 N/R N/R

Operation 4.62E+05 8.582+04 3.01+07 5.5E+06 2.22+06 7.7H+06

Closure N/R N/R N/R N/R N/R N/R

23
24

Tr !7 --
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I Table B.10.0.3 Resource Summary, Tank Waste Alternatives (con:'d)

Resource 1'hase Ex Situ No Ex Situ No Ex Situ Ex Situ/ Phased Phased
Separations Separations Extensive It Situ Implmententation Implementation
Alternative Alternative Separations Combination Alternative Alternative (Phase 2)

(Vitrification) (Calcination) Alternative Alternative (Phase 1)

Energy Total 4.721+03 4.721+03 1.67E+04 4.541+03 1.71+03 6.141+03
Electricity (Owli)

Construction 3.0E+01 3.01+01 8.92+01 3.8E+01 5.02+01 3.731+01

Operation 4.692+03 4.691+03 1.66E+04 4.52+03 1.61+03 6.113+03

Closure N/R N/R N/R N/R N/R N/R

Gasoline (cubic Total 5.42+03 5.41+03 1.01+04 3.08+05 6.82+03 5.11+03
meters)

Construction 5.12+03 5.11+03 9.72+03 3.0r+05 6.51+03 4.71E+03

Operation N/R N/R N/R N/R N/R N/R

Closure 3.01E+02 3.011+02 3.911+02 3.368+02 3.32+02 3.911+02

Diesel (cubic meters) Total 6.511+04 6.42+04 9.722+04 5.161+05 3.62+04 3.22+04

Construction 1.191+04 1.191+04 2.92+04 4.542+05 1.81+04 1.31+04

Operation 1.02E+03 1.022+02 1.021+03 4.172+03 2.02+02 1.221+03

Closure 5.222+04 5.222+04 6.72E+04 5.81+04 1.81+04 1.88+04

Kerosene (cubic Operation 5.64E+04 8.052+04 9.362+04 2.98+04 9.8E+02 3.02+04
Meters)

Materials: Total 2.33E+06 1.271+06 6.692+05 3.742+05 2.41+04 6.5-+04
Concrete
(cubic meters) Construction 2.662+05 2.66E+05 5.0E+05 2.72+05 2.42+04 2.92+04

Operation 2.04E+06 9.82+05 1.511+05 8.52+04 4.42+02 1.71+04

Closure 1.9E+04 1.9E+04 1.9E+04 1.91+04 0 1.9r+04

dIte iijfptlIklfjkipp hniII
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Table B.10.0.3 Resource Summary, Tank Waste Alternatives (cont'd)

Resource Phase Ex Situ No Ex Situ No Ex Situ Ex Situ/ Phased Phased
Separations Separations Extensive In Situ Implementation Implementation
Alternative Alternative Separations Combination Alternative Alternative (Phase 2)

(Vitrlticatlon) (Calcination) Alternative Alternative (Pise 1)

Carbon Steel Total 2.32E+05 1.32E+05 1.981+05 8.21E+04 8.31+04 7.851+04
(metric tolns)

Construction 6.12E+04 6.12E+04 1.4E+05 5.352+04 8.32+04 5.85E+04

Operation 1.46E+05 7.042+04 1.62E+04 9.6E+03 2.92+02 2.01+04

Closure N/A N/A N/A N/A N/A N/A

Stainless Steel (nit) Construction 1.262+04 1.26E+04 2.12+04 9.51+03 1.51+04 1.151+04

Ilastelloy/Iuconel (mt) Construction 1.511+03 1.51E+03 1.802+03 1.15E+03 2.61+03 1.15E+04

Glass Formers (tit) Operation 2.52+05 N/A 3.552+05 1.471+05 1.32+05 2.81+05

Process Chemicals Operation 1.95E+05 3.06E+05 8.861+05 9.552+04 5.82+04 1.51+05
(m1)

Bulk sulfur cement Operation
sulfur (ml) N/A N/A 1.71+05 6.52+04 5.22+04 1.2E+05
dicyclopentadine (m) N/A N/A 4.462+03 2.652+03 7.42+02 3.42+03
oligomer (lt) N/A N/A 4.462+03 1.701+03 6.8E+02 2.42+03

lon exchange media Operation N/A N/A 4.91+03 1.11+02 1.41+01 1.4E+02
(cubic meters)

Borrow Site Silt Closure 3.771+05 3.771+05 &35P++05 4-6E+05 0 -5-261+05
(cubic meters) 5$

Borrow Site Sand and Total 1.29E+06 1.291+06 1.73E+06 1.342+06 1.2E+04 1.51+06
Gravel (cubic meters)

Construction 1.231+05 1.231+05 3.72E+05 4.11+05 1.21+04 1.711+05

Operation N/A N/A N/A (see - N/A N/A
construction)

Closure 1.172+06 1.171+06 1.362+06 9.42+05 N/A ."61+06

Borrow Site lasalt Closure 6.382+05 6.382+05 J.051+05 _.01+05 N/A .0E+05
(cubic meters) I -

A
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Assumptions /9 i.i

1. HLW glass for any of the ex situ alternatives involving separations is calculated at

20 wt % waste oxides. The waste oxides exclude silica and sodium.
2. The HLW for the No Separations case is calculated at 20 wt % sodium oxide.
Note: EA glass limits are 17% Na2O and 4.3% L20 and each Li20 is equivalent to 2
Na2O so the EA glass is equivalent to 25% Na2O without any Li20. The privatization RFP
states that the HLW glass will be 25 wt % waste oxides not counting the Na2O or SiO2.
3. The LAW glass composition is calculated at 15 wt % Na2O.
4. The canister size for all HLW is set at 0.62 m^3 ( IX canister)
5. The material balances contained in the WHC data packages were used to calculate

the waste oxides for the HLW and LAW streams.

6. Sensitivity analysis will be done for the Intermediate Separations alternative at 15 wt %,
and 40 wt % waste oxide loading.
7. The material balance for the Intermediate Separations case was used for the Phased
Implementation alternative and was modified to account for additional radionuclide

separations.
8. For purposes of interim onsite storage and transportation to the repository 4 of the Ix
cans are assumed to be placed into an HMPC or similar packaging and would be

repackaged at the repository.
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HLW conc data for RadTran

,or i4- /t

Jacobs Engineering Group

No Separations WHC data package values

iVitrificacion -
Radionuclide Inventory 1No Separations

I HLW Glass (WHC data pkg)
iToal Curies

Am-241 1.04E+051
Am-243 3.32E+01
Cm-244 l.ISE+02
Cs-137 3.49E+071
Ni-63 2.69E+05
Np-237 6.97E+011
Pu-238 1.08E+031
Pu-239 2.64E+041
Pu-240 6.70E+031
Pu-241 7.49E+041
Ru-106 3.79E-021
SM-151 1 6.30E+051
Sn-126 6.27E+021
Sr-90 4.36E+071
Tc-99 3.21E+041
U-233 1.21E-021
U-234 2.12E-011
U-235 2.06E+011
U-238 4.81E+02j1
Zr-93 3.94E+03
Total (m3) 1.36E+05

Note: Curies from decay daughter products not included

1/27/96 WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran Jacobs Engineering Group

No Separations Alternative New Base Case (1/26/96)
'20 wt% sodium oxide loading, 1.5 blending factor

Vitrification Calcination
IRadionuclide Radionuclide
Concentration Concentration
Curies /m3 ;Curies /m^3

Am-241 2.86E-01 1.55E+00
Am-243 .- f : brs' 9.12E-051 6( 4.94E-04
Cm-244 3.24E-041 1.76E-03
Cs-137 9.58E+01 5.19E+02
Ni-63 7.39E-0 I I 4.00E+00
Np-237 1.91E-041 1.04E-03
Pu-238 2.97E-031 1.61E-02
Pu-239 7.25E-021 3.931-01
Pu-240 1.84E-021 9.97E-02
Pu-241 2.062-011 1.11E+00
Ru-106 1.04E-07 5.64E-07
Sm-151 1.73E+001 I 9.38E+00
Sn-126 1.72E-031 9.33E-03
Sr-90 1.20E+021 6A9E+02
Tc-99 8.81E-021 4.78E-01
U-233 3.32E-08 1.80E-07
U-234 5.82E-07 3.15E-06
U-235 5.66E-051 3.07E-04
U-238 1.32E-031 7.16E-03
Zr-93 1.08E-021 5.86E-02
Total (m3)1 3.64E+051 6.72E+04

Number of 0.62 m-3 canisters 5.87E+05(
Number of 0.62 m^3 canisters per HMPC 1 84 _ 4
Number of trips to the repository (146 s671 47-I
Based on 10 HMPCs per train

Note: Curies from decay daughter products not included

____ ________ __ ____ ____1?4' 700 0

\ / -_

)4/

1/27/96 WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran Jacobs Engineering Group

Intermediate Separations WHC data package values

Radionuclide Inventory Low-Level High-Level
I Waste Glass Waste Glass
jCi/m3 I CI/m3

Am-241 3.90E-021 1.00E+01
iAm-243 1.30E-05 3.20E-03
iC-14
Cm-244 I 4.70E-061 I 5.90E-03

_Cs-135 II 1 4.80E-06 1.50E-02
I ICs-137 1 I 1.20E+001 3.70E+03

I1-129
Ni-63 2.60E-021 2.80E+01
INp-27 3.20E-051 I 6.60E-03
Pu-238 3.1OE-04 1.10E-01
Pu-239 I 7.60E-03 2.60+00

I jPu-240 1.90E-03. 6.70E-01
I Pu-241 I 6.70E-031 7.80E+00
]Ra-226 L I
Ru-106 I I 1 8.50E-091 3.80E-06

1 _Sm-151 1 1 3.1OE-021 6.60E+01
I I Sn-126 _ 7.20E-041 5.00E-02
I I Sr-90 I 4.30E+001 5.60E+03
I_ I Tc-99 I 1.20E-0 I 6.30E-01
I I jTh-230 2.30E-121 4.10E-09

I JU-233 I 2.80E-091 1.20E-06
IILU-234 I I I 4.90E-081 2.10E-05

U ___-235 4.80E-061 2.10E-03
U-238 1.10E-041 4.80E-02

I j lZr-93 I II1.60E-051 4.10E-01
I Tol (m3)31 I 2.20E+051 T 9.40E+03

Note: Curies from decay daughter products not included -

____ H I _ _ _

________ II - I __ __ _

SI _ _ _ _ _ _ _ _ I _ _ I. _ _ _ _

________ _ ____I______ i _______ _________ _______ I ______ ____

1/27/96 WSTLOAD.XLS HLW conc data for RadTran



HLW conc data for RadTran Jacobs ngineering Group

Intermediate Separations New Base Case (1126196)
20 w% waste oxide loading., 1.5 blending factor

Sensitivity Sensicivity@
!Base Case 1 15 wt% loading t!40 wt% loading

'Radionuclide Inventory i HLW 1 1 HLW HLW

iglass 1 -!glass ;glass
_Ci/m^3 Ci/m3 CI/m^3

IAm-241 1 1 4.54E+00 3.41E+00 I 9.08E+00
jAm-243 I I 1.45E-031 1.09E-031 2.91E-031
,C-14 0.00E+00 0.00E+00 0.00E+00
Cm-244 2.68E-O3 2.01E-031 I 5.36E-031
Cs-135 6.81E-03! i 5.11E-03 . 1.36E-021

jCs-137 1.68E+03. 1.26E+03 3.3E+03
-129 I 0.00E+00 0.00E+00 0.00E+00

Ni-63 I 1.27E+01;I 9.54E+001 2.54E+01
Np-237 I 3.00E-03) 2.25E-03 I 5.99E-03
Pu-238 f I 5.00E-0211 3.752-021 9.99E-021

IPu-239 1.18E+00 I 8.86E-011 2.36E+00f
IPu-240 3.04E-Ofl I 2.28E-0 6.09E-011

_____Pu-241 I 1 3.54E+00j 1 2.66E+00 7.08E+00J
I Ra-226 1 1 0.00E+00 I 0.00E+Oo 0.00E+001
IRu-106 I I I1.73E-061 I 1.29E-06 3.45E-06
ISm-151 I 3.00E+011 I 2.25E+01 5.99E+01
Sn-126 I 2.27E-02 | 1.70E-02 4.54E-02
Sr-90 I 2.54E+03J | 1.91E+03 5.09E+03

jTc-99 I 2.86E-0 II 2.15E-01 5.72E-01
JTh-230 I 1.86E-09 I 1.40E-091 3.72E-09
U-233 I 5.45E-071 I 4.09E-071 .09E-06
U-234 I 9.54E-061 I 7.15E-061 1.91E-05

jU-)35 1 1 9.54E-041 I 7.15E-04 1.91E-031
U-238 I 2.18E-021 I 1.63E-021 I 4.36E-021

IZr-93 1 1 1.86E-011I 1.40E-01 3.72E-01
!Tota (m3)3 2.07E+041 2.76E+041 1.03E+04

Number of 0.62 m^3 canisters i 3.34E+04 I 4.45E+041 1.67E+04
Number of 0.62 m^3 can/HMPC 4 41 4
Number of HMPCs 1 8347 11129f 4173
Number of trips to the repositoryJ 1f ,gy , 83f 11131 418

Note: Curies from decay daughter products not included

1/27/96 WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran

£*QYf A -I ?

Jacobs Engineering Group

jExtensive Separations Data Package values
fNote: data package values modified by ECN to Rev 0 data package
Radionuclide Inventory HLW Glass I LLW Glass

Base Case (A-1) Base Case (A-IA)
I C/m3 jCim3

iAm-241 2.09E+02 7.34E-04i
pAm-243 6.69E-021 2.35E-07

4C-4 O.0OE+00 0.00E+00
Cm-244 2.30E-011 4.56E-06

lCs-135 I 2.91E-011 9.16E-07;
ICs-137 I 7.02E+041 2.21E-0 I
11-129 1 .00E+00 I 0.OOE+00
fNi-63I 8.47E+001 1.83E+00
1 Np-237 I 1.40E-011 I 1.87E-051 I
_Pu-238 I I 2.15E+001 I 7.80E-051 I
i Pu-239 I I 5.25E+0ij I 1.90E-031
Pu-240 I 1 1.33E+01I 4.84E-041 I
Pu-241 1.49E+02 . 5.41E-031 I
Ra-226 5AOE-10[ 7.20E-16

I _ Ru-106 7.58E-05 .0OIE-101 I
1 fSM-151 1 1 1.68E-031 I
I_ Sn-126 1 1.251 1.67E-061
I ISr-90 I I 1.07E+05 3.72E-021

fTc-99 6.43E+01 I 1.06E-031
I_ Th-230 I T 1 7.80E-081 I 1.04E-13L

U-233 3.68E-081 5.19E-11
IU-234 6.76E-07 9.10E-10
U7-235 6.57-05 8.84E-08
U-238 I 1.53E-031 2.06E-061

I_ Zr-93 9.59E-02 2.68E-02i
1tocal m3 i 4961 _ 1.47E+051

Isolid

I Note: Curies from decay daughter products not included

WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran Jacobs Engineering Group

Extensive Separations alternative New Base Case (1/26/96)
20 wt% waste oxide loading. 1.5 blending factor

Extensive Separations Data Package values

IRadionuclide Inventory JHLW Glass
I iBase Case (A-1)
I_ _ _ _Ci/m3 I

IAm-241 1.06E+021
IAm-243 3.41E-021 I
C- 4  I0.OOE+00i
Cm-244 1.17E-O I
Cs-135 I I 1.48E-011 I

lCs-137 F 3.58E+041 I
1-129 0.OOE+OOj I
Ni-63 4.31E+001

I_ Np-237 I 7.13E-021 I
I JPu-238 1.09E+001 I

_ IPu-239 2.67E+011 I
I I Pu-240 I I 6.77E+001 I I
I IPu-241 I 7.59E+01 I

IRa-226 I 2.75E-10 I
Ru-106 I 3.86E-051
Sm-15I 0.OOE+GOj
Sn-126 I 6.37E-011 I

I jSr-90 I I I 5.45E+041 I
I ITc-99 I 3.27E+011

fTh-230 I 3.97E-081
I U-233 I I_ IJ 1.87E-081
JU-234 I 3.44E-071
iU-235 3.35E-051
U-238 7.79E-041
IZr-93 4.SSE-021
toal m3 9.74E+021
I I _ _ _ _f_ _ __ _ _ _ _ I I _ __ _

Number of 0.62 m'3 canisters 1 1571J 1
Number of 0.62 m^3 can/HMPC 41 I
Number of HMPCs I 1 3931
Number of trips to the repositoryf f C 401

i I I dc dIgh__podcs o I ncuded
Note: Curies from decay daughter products nor included I_______

1/27/96 WSTLOAD.XLS HLW conc daa for RadTran



HLW conc daa for RadTran lacob £ineering Group

Phased Implementation alternative New Base Case (1/26/96)
;20 wt % waste oxide loading, 1.5 blending factor

:BaseCase
Radionuclide Inventory HLW

Iglass ,

_Ci/m^3 I
Am-241 I I5.OIE+00 E 0I
_ Am-243 1 1.60E-03 -

!C-14 I I Q.OOE+00j j
ICm-244 I 2.68E-031 I
_ Cs-135 6.81E-031 IlCs-137 1.68E+03
1-129 o.OOE+00

INI-63 1.27E+01
I Np-237 3.GOE-03
jPu-238 5.15E-02
JPu-239 I 1.26E+00 I
IPu-240 I 3.19E-01 I I
1Pu-241 3.57E+00 1
lRa-226 I 0.GOE+00I
Ru-106 1 1.73E-06

jSm-151 1 3.OOE+01 I
ISn-126 I 2.27E-02 I
Sr-9O _2.56E+03
ITc-99 1.54E+00
Th-230 1.86E-09J
U-233 5.45E-07

I U-234 I 9.54E-061 I
I U-235 _ 9.54E-041 I
JU-238 I I 2.1SE-02 I
Zr-93 I I 1.86E-011 I

iTotal (m3) 2.07E+041 I

Number of 0.62 m-3 canisters 133386.301

Number of 0.62 m^3 canisters 333871
Number of 0.62 m^3 can/HMPC 4
Number of HMPCs I 83471
Number of trips to the repositoryo v $Ap 8351

Note: Curies from decay daughter products not included

WSTLOAD.XLS HLW conc data for RadTran1/27/96



HLW cont data for RadTran Jacobs Engineering Group

;?c- 0 -/1-9(1

Ex Situ / In Situ Combination Alternative New Base Case (1/26/96)
120 wt% waste oxide loading. 1.5 blending factor I

Radionuclide Inventory HLW glass Sel Ret. Recovery 1
ffraction

_______ ______ ______1 Ci/m^3 f__ ________ ______

- Am-241 I .97E+001 7.67E-011
!Am-243 I 2.67E-03f I 9.20E-01
iC-14 j 0.00E+00 9.00E-011
JCm-244 5.04E-03 I 9.40E-01 I I
ICs-135 1.16E-021 8.50E-011 I
_ Cs-137 2.96E+031 8.80E-011
S-12sr I 0.OOE+OOj 9.OOE-O
I Ni-63 I I 2.03E+01 1 8.00E-011
JNp-237 I 5.58E-031 I 9.32E-011
I Pu-238 I I I 3.97E-02 1 3.97E-01 _
I Pu-239 II_ __I .48E+00 I 6.27E-0[ I
Pu-240 I 3.69E-01 6.07E-01

I Pu-241 I I I 4.01E+001 5.65E-0I
_ Ra-226 1 1 1 0.00E+001 I 8.30E-01 I
_ Ru-106 II 1.28E-061 3.70E-0 I
ISM-151 1 1 4.32E+01 I 7.20E-011
ISn-126 I I 3.32E-021 I 7.30E-011
Sr-90 3.56E+03 7.00E-01J
ITc-99 5.15E-011 9.00E-011
_ Th-230 I 3.05E-091 .20E -01
JU-233 8.72E-O7T 8.00E-O 11
I U-234 1.54E-051 8.10-01
__U-235 1.74-03 9.10E-0
U-238 _ _ I 3.92E-021 9 s.00-1 I

lZr-93 I 2.49E-01 6.70E-011
JTotal (m3)1 1.03E+04t I

Number of 0.62 m^3 canisters ( 166&4/ 1 13
Number of 0.62 m^3 can/HMPC 41
Number of HMPCs 1 1 41741 4 I I
Number of trips to the repository; fo P ck . 4181 gt I

I .I1 I I I _ _ _

Note the combination alt. retrieval fraction is calculated from the % of SST and DST inventory
recovered as follows: recovery fraction = (curies recovered from SSTs + Curies from DSTs)
divided by (total curies in the SSTs+toal curies in DSTs) I
The combination alternative volume of HLW glass is 1/2 of the Intermediate Separations I

Note: Curies from decay daughter products not included

WSTLOAD.XLS HLW conc data for RadTran1/27/96



Intermediate Separations

Assumptions:
1. HLW glass waste oxide loading basis to be 20 wt% waste oxides (excluding Na2O and SiO2)
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
3. LAW glass sodium oxide loading basis is to be 15 wt%

Input Stream LAW HLW HLW fraction
STREAM 1 407 437 314 344
solids liquids FRIT GLASS FRIT GLASS

Volume kilo-liters
Specific Gravity
Cs and Ba, (MCi) 5.28E+00 6.28E+01 4.93E-01 6.74E+01 0.990011751
Sr and Y, (MCi) 1.051+02 2.10E+00 1.90E+00 1.05E+02 0.980392157
Tc, (MCi) 5.89E-03 2,612-02 2.59E-02 5.91E-03 0.184745233
Am, (MCi) 9.51E-02 8.61E-03 8.60E-03 9.52E-02 0.917944268
Np. (MCI) 9.29E-05 1.03E-05 1.03E-05 9.29-05 0.900193798
Pu-239, (MCi) 2.47E-02 1.67E-03 1.67E-03 2.47E-02 0.936670459
Pu-240, (MCi) * 6.28E-03 4.14E-04 4.14E-04 6.28E-03 0.93815357
Pu-241,(MCi) 7.34E-02 1.49E-03 1.482-03 734-02 0.980104153
Total TRU, (MCi) 2.00E-01 1.22E-02 1.22E-02 2.00E-01 0.942507069
Total MCi 1.11E+02' 6.49E+01 2.43E+00 1.73E+02 0.98351336
Total Mass Flow (Mr 1.941+04 7.10E+05 2.81E+05 3.87E+05 1.36E+04 2.51E+04
Total Cr, (MT) 1.32E+02 5.15E+01 144E+02 3.96E+01
Total Na, (MT) 1242+03 6.51E+04 7.18E+04 2.33E+03
Total Si, (MT) 5.24E+02 5.65E+00 1.07E+05 1.07E+05 5.29E+03 5.83E+03
Total P, (MT) 7.802+02 8.42E+02 1.35E+03 2.72E+02
Total N02-, (MT) 7.38E+01 9.54E+03
Total N03-. (MT) 1.03E+03 1.06E+05
AG+ 1.38E+00 3.28E-01
AG20 3.52E-01 1.48E+00
AL+3 2.37E+03
AL203 1.32E+04 1.94E+04 1.73E+03
AL(OH)4- 4.83E+03
AM+3 2.772-02 2.51E-03
AM203 2.76E-03 3.05E-02
AS+5 4.98E-01 7.70E-01
AS205 1.18E+00 7.66E-01
B+3 9.942-01 5.19E-01
B203 1.672+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-01
BAO 8.81E-01 3.45E+00
BE+2 7.61E-03 8.19E-02
BEO 2.27E-01 2.162-02
BI+3 1.96E+02 6.76E+01
BI203 7.52E+01 2.19E+02
C14 4.53E-04 7.432-04
CA+2 1.332+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.93E+00 2.09E+00
CDO 2.38E+00 9.06E+00
CE+3 2.35E+02 2.37E+00
CE203 1 2.79E+00 2.76E+02
CL- 3.49E+00 3.112+02
CL2
CO
C02
C03-2 2.252+02 3.372+03
CR+3 1.321+02
CR203 2.1113+02 5.79E+01
CR(OH)4. 1.19E+02
CS+ 9.25E-02 8.19E-01
CS20 6.83E-03 M9.58-01
CU+2 7.6E-0I 1.77E-01
CUO 1 2.21E-01 9.34E-01, -
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Intermediate Separations

CUSO4 I I I I
F- 5.97E+01 1.12E+03
F2
FE+3 I 7.63E+02 1.44E+01
FE203 2.06E+01 1.21E+03
H2[
H20 5.07E+05
H2S
HG
HG+2 9.00E-031 9.49E-01
I- 2.02E+01 5.46E+02
12 1
K+ 2.10E+01 2.19E-01
K20 2.65E-01 2.53E+01
KEROSENE
LA+3 2.10E+01 2.19E-01
LA203 2.58E-01 2.46E+01
LI+ 2.46E-02 5.77E-03
L120 1.24E-02 5.00E+02 5.03E+02
MG+2 1.10E+01 9.65E-01
MOo 1.60E+00 1.88E+01
MNO2 2.09E+02 2.17E+01 2.16E+01 2.09E+02
MO+6 8.01E-01 4.87E+00
MO3 7.29E+00 1.22E+00
N2
NA+ 7.77E+02 6.51E+04
NA20 9.68E+04 3.14E+03
NH3
NI+3 6.57E+00 4.07E+00
N12FECN6 5.00E+02
N1203 5.72E+00 9.27E+00
NIO 1.50E-02 2.27E+02
NO
N02
N02- 7.38E+01 9.54E+03
N03- 1.03E+03 1.06E+05
NP+4 1.32E-01 1.46E-02
NPO2 1.66E-02 1.50E-01
02
OH- 5.00E+03 6.44E+03
PB+4 3.28E+00 1.96E+00
PB02 2.26E+00 3.79E+00
P04-3 2.39E+03 2.58E+03
P205 3.09E+03 6.22E+02
P205:24W 5.21E-01
PU+4 4.27E-01 2.88E-02
PU02 3.26E-02 4.84E-01
S
SI+4 7.90E+01 5.65E+00
S102 2.29E+05 2.29E+05 1.13E+04 1.25E+04
S02
SO4-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-01 4.29E+01
TC02
TC04- 5.68E-01 2.52E+00
TC207 2.39E+00 5.45E-01
TOC 1.16E+02 1.42E+03
U02+2 1.58E+03 8.52E+01
U03 9.02E+01 1.67E+03
V+5 1.88E-01 6.20E-02
V205 1.11E-01 3.35E-01
W+6 7.47E-01
W02 2.91E-05 4.41E-01
W03 9.40E-01 2.06E-03
ZN+2 g94E-Ol 3.59E+00
ZNO 4.46E+00 1.19E+00 |

Intenmediate Separations
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Intermediate Separations

ZR+4 2.77E+02 4.48E-01
ZRO2 ~~ _ 6.49E-01 6.90E3+02
ZRO2:212 4.09E+02 2.15E+01

WIIC Data Packape Basis _____

Mass LAW waste oxides 106544.7302
LAW waste loading (waste oxide) 28%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides 7.26E+03
HLW waste loading (waste oxides) 1 29%

HLW

20 wt. % waste oxide lnadin
Blending factor I I . 1 1.25 1.5 2 3.5
Mass of glass required to achieve 25% wo loading. MT 36293.1358 45366.41975 54439.7037 72586.2716 127025.9753
additional fric required (equals increased glass) MT 1.12E+04 2.03E+04 2.93E+04 4.75E+04 1.02E+05
total frit required, MT 2.48E+04 3.39E+04 4.29E+04 6.112+04 1.16E+05

glass density (MTIm^3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (m^3) 1.38E+04 1.72E+04 2.07E+04 2.76E+04 4.83E+04
Canister Volume (m^3) 0.62
Number of Canisters (lx) 2.232+04 2.78E+04 3.34E+04 4.452+04 7.79E+04
Nu. of Canisters /HMPC 4
Number of HMPCs 5.56E+03 6.96E+03 8.35E+03 1.11E+04 1.95E+04
Number of trips @ 10 HMPCs /trip 556 696 835 1113 1948

Glass formulation.
(ref Ext. Sep Data Pkg.) jacceptable range 1 1.25 1.5 2 3.5

SiO2 142 to 57 wt % 60.07% 64.68% 67.75% 71.59% 76.52% _

B203 5 to 20 wt % 8.82% 9.63% 10.17% 10.84% 11.71%
Na2O 5 to 20 wt % 8.65% 6.92% 5.77% 4.33% 2.47%
Li2O I to 7 wt % 2.52% 2.75% 2.91% 3.10% 3.35%
Fc2O3 2 to 15 wt % 3.33% 0.00% 0.00% 0.00% 0.00%
CaO < or- 10 wt % 0.52% 0.42% 0.35% 0.26% 0.15%
MgO < or - 8 wt % 0.05% 0.04% 0.03% 0.03% 0.01%
A1203 < or = 15 wt % 4.77% 3.81% 3.18% 2.38% 1.36%
ZrO2 < or = 13 wt % 1.90% 1.52% 1.27% 0.95%, 0.54%
Cr203 < or - 0.5 wE % 0.16% 0.13% 0.11% 0.08% 0.05%
P205 [< or = 3 wt % 1.71% 1.37% 1.14% 0.86% 0.49%
S03 <or=0.5wE %

HL.W Facility Sizing
Schedule 14 yrs
Capacity MT/day 20 C

Overall efficiency, % 36% 44% 53% 71% 124%
Required capacity MT/day (assuming 14 yrs ops. 60% OE) 11.84 14.80 17.76 23.67 41.43
Required operating duration yrs (assuming 20 MT/day, 60% OE) 10.36 12.43 16.57 29.00

15 wt % waste oxide loading
Mass of glass required to achieve 15% wo loading MT 4.84E+04 6.05E+04 7.26E+04 9.68E+04 1.69E+05
Volume (m-3) 1.84E+04 2.30E+04 2.76E+04 3.68E+04 6.44E+04
Number of Canisters (lx) _ 2.97E+04 3.71E+04 4.452+04 5.94E+04 1.04E+05

40 WE % waste oxide loading
Mass of glass required to achieve 40% wo loading MT 1.81E+04 2.27E+04 2.72E+04 3.63E+04 6.35E+04
Volume (m^3) 6,90E+03 8.62E+03 1.03E+04 1.38E+04 2.41E+04
Number of Canisters (1x) 1.11E+04 1.39E+04 1.672+04 2.23E+04 3.90E+04

LAW
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Intermediate Separations

15 wt. % sodium oxide loading
Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 15% wo loading. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87E+05 .01E+06 1.98E+06
total frit required. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

glass density (MT/m^3) 2.63
cullet packing fraction 0.7

Waste volume (m^3) 3.51E+05 4.38E+05 5.26E+05 7.01E+05 1.23E+06

Number of 5300 m3 vaults 66 83 _ 99 132 231

LAW facility sizing
Schedule, years 14
Capacity MT/day 200

Overall efficiency, % - 63% 79% 95% 126% 221%
Required capacity MT/day (assuming 14 yrs ops. 60% OE) 210.48 263.10 315.72 420.96 736.68
Required operating duration yrs (assuming 200 MT/day. 60% OS) 14.73 18.42 22.10 29.47 51.57

10 it. % lodium oxide loadinp
Blending factor 1 2 3.5
Mass of glass required to achieve 10 e 968000 1936000 3388000

Waste volume, m^3 1 525801.195 1051602.39 1840304.183
Number of 5.300 m^3 vaults 99 198 3471

25 wt. % sodium oxide loadins
Blending factor 1 1 2 3.5
Mass of glass required to achive 25 wt % Na2O 387200 774400 1355200

Waste Volume 210320.478 420640.956 736121.673
Number of5,300 m^3 vaults F 40 79 139|

tzI
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15 wt. % sodium pidde loadin1
Blending factor In I11 1.2511 1.5 2 3.5
Mass of glass required to achieve 15% wo loading, MT 6.45E+05 8.07E+051 9.68E+05 1.29E+06 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87E+05 1.018+06 1.98E+06
total frit required, MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

glass density (MT/m^3) 2.63
cullet packing fraction 0.7

Waste volume (m^3) 3.51S+05 4.38E+05 5.26E+05 7.01E+05 1.23E+06

Number of 5300 m^3 vaults 66 83 99 132 231

LAW facility sizing
Schedule, years 14
Capacity MT/day 200

Overall efficiency, % 1 63% . 79% 95% 126% 221%
Required capacity MT/day (assuming 14 yrs ops, 60% 0E) 210.48 / 263.10 315.72 420.96 736.68
Required operating duration yrs (assuming 200 MT/day. 60% OE) 14.731 18.42 22.10 29.47 51.57

10 wt. % sodium oxide loadinI
Blending factor 1 1.25 2 3.5
Mass of glass required to achieve 10 968000 1210000 1936000 3388000

Waste volume, m^3 525801.195 657251. 4938  1051602.39 1840304.183
Number of 5,300 m^3 vauls 99 124 198 347

25 wft. % sodlun Oxide Indinm
Blending factor I 1 1.25 2 3.5
Mass of glass required to achive 25 wt % Na2O 387200 484000 774400 1355200

Wste volume 210320.478 262900.5975 420640.956 736121.673
Number of 5,300 m^3 vaults 40 50 79 139F -
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Assumptions:
1. HLW glass waste oxide loading basis to be 20 wt% sodium oxides
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % sodium oxide loading

Input Frit Output
Streami stream407 stream437
liquids solids

Volume kilo-liters 5.85E+05
Specific Gravity 1.21E+00
Cs and Ba, (MCi) 6.28E+01 5.28E+00 6.79E+01
Sr and Y, (MCi) 2.10E+00 1.05E+02 1.07E+02
Tc, (MCi) 2.61E-02 5.89E-03 3.18E-02
Am, (MCi) 8.61E-03 9.51E-02 1.04E-01
Np, (MCi) 1.03E-05 9.29E-05 1.03E-04
Pu-239, (MCi) 1.67E-03 2.47E-02 2.64E-02
Pu-240, (MCi) 4.14E-04 6.28E-03 6.70E-03
Pu-241,(MCi) 1.49E-03 7.34E-02 7.48E-02
Total TRU, (MCi) 1.22E-02 2.GOE-01 2.12E-01
Total MCi 6.49E+01 1.11E+02 1.76E+02
Total Mass Flow (MT) 7.10E+05 1.94E+04 2.50E+05 3.57E+05
Total Cr, (MT) 5.15E+01 1.32E+02 1.84E+02
Total Na, (MT) 6.51E+04 1.24E+03 6.63E+04
Total Si, (MT) 5.65E+00 5.24E+02 9.56E+04 9.61E+04
Total P, (MT) 8.42E+02 7.80E+02 1.62E+03
Total N02-, (MT) 9.54E+03 7.38E+01
Total N03-, (MT) 1.06E+05 1.03E+03
AG+ 3.28E-01 1.38E+00
AG20 1.83E+00
AL+3 2.37E+03
AL203 1.OOE+04 1.79E+04
AL(OH)4- 4.83E+03
AM+3 2.51E-03 2.77E-02
AM203 3.32E-02
AS+5 7.70E-01 4.98E-01
AS205 1.95E+00
B+3 5.19E-01 9.94E-01
B203 4.87E+00
BA+2 7.91E-01 3.09E+00
BAO 4.33E+00
BE+2 8.19E-02 7.61E-03
BEO 2.48E-01
BI+3 6.76E+01 1.96E+02
B1203 2.94E+02
C14 7.43E-04 4.53E-04
CA+2 1.67E+01 1.33E+02
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CANCRINITE 2.70E+03
CAO 3.55E+04 3.58E+04-y .
CD+2 2.09E+00 7.93E+00
CDO 1.14E+01
CE+3 2.37E+GO 2.35E+02
CE203 2.78E+02
CL- 3.11E+02 3.49E+00
CL2
CO
C02
C03-2 3.37E+03 2.25E+02
CR+3 1.32E+021
CR203 2.68E+02
CR(OH)4- 1.19E+02
CS+ e 8.19E-01 9.25E-02
CS20 9.65E-01
CU+2 1.77E-01 7.46E-01
CUO 1.16E+GO
CUS04
F- 1.12E+03 5.97E+01
F2
FE+3 1.44E+01 7.63E+02
FE203 1.23E+03
H2
H20 5.07E+05
H2S
HG
HG+2 9.49E-01 9.OOE--03
I- 5.46E+02 2.02E+01
12
K+ 2.19E-01 2.10E+01
K20 2.56E+01
KEROSENE
LA+3 2.19E-01 2.10E+01
LA203 2.49E+01
LI+ 5.77E-03 2.46E-02
LI20 6.53E-02
MG+2 9.65E-01 1.10E+01
MGO 1.98E+01
MN02 2.17E+01 2.09E+02 2.31E+02
MO+6 4.87E+00 8.01E-01
M003 8.51E+GO
N2
NA+ 6.51E+04 7.77E+02
NA20 8.94E+04
NH3
NI+3 4.07E+00 6.57E+00
N12FECN6 5.00E+02
N1203 1.50E+01

%d 9 -167-
No Separations
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NIO 2.27E+02
NO
N02
N02- 9.54E+03 7.38E+01
N03- 1.06E+05 1.03E+03
NP+4 1.46E-02 1.32E-01
NPO2 1.66E-01
02
OH- 6.44E+03 5.00E+03
PB+4 1.96E+0O 3.28E+00
PBO2 6.05E+00
P04-3 2.58E+03 2.39E+03
P205 3.71E+03
P205:24W 5.21E-01
PU+4 - 2.88E-02 4.27E-01
PUO2 5.16E-01
S
SI+4 5.65E+00 7.90E+01
S102 2.04E+05 2.06E+05
S02
S04-2 2.01E+03 3.97E+01
SR+2 3.75E-01 3.64E+01
SRO 4.33E+01
TCO2
TCO4- 2.52E+00 5.68E-01
TC207 2.94E+00
TOC 1.42E+03 1.16E+02
U02+2 8.52E+01 1.58E+03
U03 1.76E+03
V+5 6.20E-02 1.88E-01
V205 4.46E-01
W+6 7.47E-01
W02 4.41E-01
W03 9.42E-01
ZN+2 3.59E+00 9.45E-01
ZNO 5.65E+00
ZR+4 4.48E-01 2.77E+02
ZRO2 7.07E+02
ZRO2:2H2 2.15E+01 4.09E+02

WHC data package basis:
mass waste oxides 1.OSE+05
waste loading (wt%) 30%
sodium oxide loading 25%

20 wt. % sodium oxide loadin
Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 20% sodium loading, M 4.47E+05 5.59E+05 6.71E+05 8.94E+05 1564500
additional frit required (equals increased glass) MT 9.OOE+04 2.02E+05 3.14E+05 5.37E+05 1.21E+06
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total frit required, MT 3.40E+05 4.52E+05 5.64E+051 7.87E+05 1.46E+06

glass density (MT/m^3) 2.631
cullet packing fraction 0.7

Waste volume (m^3) 2.43E+05 3.04E+05 3.64E+05 4.86E+05 8.50E+05
Canister Volume (m^3) 0.62
Number of Canisters (lx) 3.92E+05 4.90E+05 5.87E+05 7.83E+05 1.37E+06
Number of Canisters per HMPC 4
Number of HMPCs I 9.79E+04 1.22E+05 1.47E+05 1.96E+05 3.43E+05
Number of trips @ 10 HMPCs /trip 9.79E+03 1.22E+04 1.47E+04 1.96E+04 3.43E+04

Glass formulation
(ref Ext. Sep Data Pkg. acceptable range Calculated value

SiO2 42 to 57 wt % 62.51% 66.33% 68.88% 72.06% 76.15%
B203 5 to 20 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Na2O 5 to 20 wt % 20.00% 16.00% 13.33% 10.00% 5.71%
Li20 1 to 7 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Fe203 2 to 15 wt % 0.28% 0.22% 0.18% 0.14% 0.08%
CaO < or= 10 wt % 10.87% 11.53% 11.98% 12.53% 13.25%
MgO < or = 8 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
A1203 < or = 15 wt % 4.81% 4.65% 4.54% 4.40% 4.23%
ZrO2 < or = 13 wt % 0.16% 0.13% 0.11% 0.08% 0.05%
Cr203 < or = 0.5 wt % 0.06% 0.05% 0.04% 0.03% 0.02%
P205 < or = 3 wt % 0.83% 0.66% 0.55% 0.41% 0.24%
S03 < or = 0.5 wt %

Facility Sizin _

Schedule 14 yrs
Capacity MT/day 200

Overall efficiency, % 44% 55% 66% 87% 153%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 182 219 292 510
Required operating duration yrs (assuming 200 MT/day, 60% OE) 13 15 20 36

15 wt % sodium oxide loading

Mass of glass required to achieve 15% wo loading MT 5.96E+05 Na2O loadin 15%
Volume (m^3) as cullet 3.24E+05
Number of Canisters (lx) 5.22E+05

40 wt % sodium oxide loading
Mass of glass required to achieve 40% wo loading MT 2.24E+05 Na2O loadin 40%
Volume (m^3) as cullet I 1.21E+05
Number of Canisters (lx) 1.96E+05
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Assumptions: I I I I I
1. HLW glass waste oxide loading basis to be 20 wt% waste oxides (excluding Na2O and SiO2)
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
not counting the Si02 or the Na2O

Input Stream LAW HLW
ISTREAM 1 407 437 1314 1344
Isolids liquids FRIT GLASS FRIT GLASS

Volume kilo-liters 5.84E+05
Specific Gravity 1.21E+00
Cs and Ba, (MCi) 7.60E+00 6.72E+01 6.86E-02 7.46E+01
Sr and Y, (MCi) * 1.37E+02 1.41E+00 1.40E-02 1.37E+02
Tc, (MCi) 5.89E-03 2.61E-02 1.53E-04 3.17E-02
Am, (MCi)
Np, (MCi)
Pu-239, (MCi)
Pu-240, (MCi)
Pu-241,(MCi)
Total TRU, (MCi) 1.92E-01 1.52E-02 1.20E-03 2.06E-01
Total MCi 1.45E+02 6.87E+01 8.39E-02 2.12E+02
Total Mass Flow (MT) 2.37E+04 7.06E+05 2.65E+05 3.86E+05 8.73E+02 1.32E+03
Total Cr, (MT)

Total Na, (MT)
Total Si, (MT)
Total P, (MT)
Total N02-, (MT)
Total N03-, (MT)
AG+ 1.38E+00 3.28E-01
AG20 4.07E-01 1.43E+00
AL+3 2.37E+03
AL203 1.16E+04 1.93E+04 1.94E+02
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03
AM203 3.41E-05 3.32F-02
APM- 3.44E-03
AS+5 4.98E-01 7.70E-01
AS205 4.33E-01 1.51E+00
B+3 9.94E-01 5.19E-01
B203 - 4.82E+00 1.22E+02 1.22E+02
BA+2 . 3.09E+00 7.91E-01
BAO 8.76E-01 3.46E+00
BE+2 7.61E-03 8.19E-02
BEO 5.53E-02 1.93E-01
BI+3 1.96E+02 6.76E+01
B1203 2.90E+02 3.45E+00
C14 I 4.53E-04 7.43E-04
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CA+2 |1.33E+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.84E+-04 3.86E+04 2.34E+00
CD+2 7.93E+00 2.09E+00
CDO 1.13E+01 1.26E-01
CE+3 2.35E+02 2.37E+00
CE203 2.75E+02 3.40E+00
CL- 3.49E+00 3.11E+02
CL2
CO
CO2
C03-2 2.25E+02 3.37E+03
CR+3 1.32E+02
CR203 .2.67E +02 1.38E+00
CR(OH)4- *1.19E+02
CS+ 9.25E-02 8.19E-01
CS20 -8.85E-04 9.64E-01
CU+2 7.46E-01 1.77E-01
CUO 2.57E-01 8.99E-01
CUS04
F- 5.97E+01 1.12E+03
F2
FE+3 I7.63E+02 1.44E+011
FE203 3.74E+03 4.24E+01
H2
H20 5.07E+05 2. 11 E-04 1.10E+00
H2S
HG
HG+2 9.OOE-03 9.49E-01
HGO 2.07E+00
I- 2.02E+01 5.46E+02
I2
K + 2.10E+01 2.19E-01
K20 2.55E+01 2.34E-02
KEROSENE
LA+3 2.10E+01 2.19E-01
LA203 2.46E+01 3.04E-01
LI+ 2.46E-02 5.77E-03
LI20 6.53E-02 1.32E+01 1.32E+01
MG+2 1.10E+01 9.65E-01
MGO 1.96E+01 2.20E-01
MN02 2.09E+02 2.17E+01 2.31E+02 1.08E-011
MO+6 8.01E-01 4.87E+00
M003 1.03E+01 9.24E-02
N2
NA+ 3.21E+03 6.26E+04
NA20 9.65E+041 2.40E+01 6.59E+01
NH3
NI+3 6.57E+00 4.07E+00

'33
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NI2FECN6 5.00E+02
N1203 2.62E+02 2.82E+00
NIO 1.06E-03 1.20E+00
NO
N02
N02- 7.38E+01 9.54E+03
N03- 1.03E+03 1.06E+05.
NP+4 1.32E-01 1.46E-02
NPO2 6.52E-03 1.66E-01
02
OH- 6.80E+03 4.64E+03
PB+4 3.28E+00 1.96E+00
PB02 1.35E+00 4.71E+00
P04-3 2.39E+03 2.58E+03
P205 * 3.68E+03 3.96E+01
P205:24W 5.21E-01
PU+4 4.27E-01 2.88E-02
PUO2 5.42E-03 5.11E-01
S
SI+4 7.90E+01 5.65E+00
S102 2.15E+05 2.16E+05 7.13E+02 7.52E+02
S02
S03 6.22E+03 1.92E-03
S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.41E-03 4.33E+01
TC02
TCO4- 5.68E-01 2.52E+00
TC207 1.41E-02 2.92E+00
T102 3.16E-02 3.51E-04
TOC 1.16E+02 1.42E+03
U02+2 1.58E+03 8.52E+01
U03 2.77E+00
U308 1.08E+00 1.15E-02
V+5 1.88E-01 6.20E-02
V205 9.92E-02 3.47E-01
W+6 7.47E-01
W02 1.09E-06 2.26E-04
W03 2.10E-01 7.33E-01
ZN+2 9.45E-01 3.59E+00
ZNO 3.17E+01 4.31E-01
ZR+4 2.77E+02 4.48E-01
ZR02 6.99E+02 8.55E+00
ZRO2:2H2 4.09E+02 2.15E+01
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Mass LAW waste oxides 121198.787
LAW waste loading (waste oxides) 31%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides 3.42E+02
HLW waste loading 26%

HLW

20 wt. % waste oxide loadin
Blending factor I 1 1.25 1.5 2 3.5
Mass of glass required to achieve 20% wo loading, MT 1707.54219 2134.42773 2561.313278 3415.08437 5976.397648
additional frit required (equals increased glass) MT 3.88E+02 8.14E+02 1.24E+03 2.10E+03 4.66E+03
total frit required, MT 1.26E+03 1.69E+03 2.11E+03 2.97E+03 5.53E+03

glass density (MT/m^3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (m^3) 6.49E+02 8.12E+02 9.74E+02 1.30E+03 2.27E+03
Canister Volume (m^3) 0.62
Number of Canisters (lx) 1.05E+03 1.31E+03 1.57E+03 2.09E+03 3.67E+03
Nu. of Canisters /HMPC 4
Number of HMPCs 2.62E+02 3.27E+02 3.93E+02 5.24E+02 9.16E+02
Number of trips @ 10 HMPCs /trip 26 33 39 52 92

Glass formulation:
(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.5 2 3.5

SiO2 42 to 57 wt % 62.58% 66.39% 68.94% 72.12% 76.21%
B203 5 to 20 wt % 10.32% 11.06% 11.55% 12.16% 12.95%
Na2O 5 to 20 wt % 4.48% 4.14% 3.91% 3.62% 3.25%
Li20 1 to 7 wt % 1.11% 1.19% 1.24% 1.31% 1.39%
Fe203 2 to 15 wt % 2.48% 0.00% 0.00% 0.00% 0.00%
CaO < or= 10 wt % 0.14% 0.11% 0.09% 0.07% 0.04%
MgO < or = 8wt % 0.01% 0.01% 0.01% 0.01% 0.00%
A1203 < or = 15 wt % 11.36% 9.09% 7.57% 5.68% 3.25%
ZrO2 < or = 13 wt % 0.50% 0.40% 0.33% 0.25% 0.14%
Cr203 < or = 0.5 wt % 0.08% 0.06% 0.05% 0.04% 0.02%
P205 < or = 3 wt % 2.32% 1.86% 1.55% 1.16% 0.66%
S03 < or = 0.5 wt % 0.00% 0.00% 0.00% 0.00% 0.00%

HLW Facility Sizing
Schedule 14 yrs
Capacity MT/day I

Overall efficiency, % . 33% 42% 50% 67% 117%

Required capacity MT/day (assuming 14 yrs ops, 60% OE) 0.56 0.70 0.84 1.11 1.95
Required operating duration yrs (assuming 1 MT/day, 60% OE) 9.75 11.70 15.59 27.29

1 F - I I I I -- --|
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Extensive Separations

Extensive Separations

15 wt % waste oxide loading I I
Mass of glass required to achieve 15% wo loading MT 2.28E+03 2.85E+03 3.42E+03 4.55E+03 7.97E+03
Volume (m^3) 8.66E4-02 1.08E+03 1.30E+03 1.73E+03 3.03E+03
Number of Canisters (lx) - 1.40E+03 1.75E+03 2.09E+03 2.79E+03 4.89E+03

40 wt % waste oxide loading
Mass of glass required to achieve 40% wo loading MT 8.54E+02 1.07E+03 1.28E+03 1.71E+03 2.99E+03
Volume (m^3) 3.25E+02 4.06E+02 4.87E+02 6.49E+02 1.14E+03
Number of Canisters (lx) 5.24E+02 6.54E+02 7.85E+02 1.05E+03 1.83E+03

P - / .- 3
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Extensive Separations

LAW_

15 wt. % sodium oxide loading
Blending factor 1 1 1.25 1.5 2 3.5
Mass of glass required to achieve 15% wo loading, MT 6.43E+05 8.04E+05 9.65E+05 1.29E+06 2.25E+06
additional frit required (equals increased glass) MT 2.57E+05 4.18E+05 5.79E+05 9.01E+05 1.87E+06
total frit required, MT 5.22E+05 6.83E+05 8.44E+05 1.17E+06 2.13E+06

glass density (MT/m^3) 2.63
cullet packing fraction 0.7

Waste volume (m^3) 3.49E+05 4.37E+05 5.24E+05 6.99E+05 1.22E+06

Number of 5300 m^3 vaults 66 82 99 132 231

LAW facility sizing
Schedule, years 19
Capacity MT/day 200

Overall efficiency, % 46% 58% 70% 93% 162%
Required capacity MT/day (assuming 19 yrs ops, 60% OE) 154.61 193.26 231.92 309.22 541.14
Required operating duration yrs (assuming 200 MT/day, 60% 14.69 18.36 22.03 29.38 51.41

10 wt. % sodium oxide loadin
Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 10 9.65E+05 1.21E+06 1.45E+06 1.93E+06 3.38E+06

Waste volume, m^3 5.24E+05 6.55E+05 7.86E+05 1.05E+06 1.83E+06
Number of 5,300 m^3 vaults 99 124 148 198 346

25 wt. % sodium oxide loadin
Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achive 25 wt % Na2O 3.86E+05 4.83E+05 5.79E+05 7.72E+05 1.35E+06

Waste Volume 2.10E+05 2.62E+05 3.15E+051 4.19E+05 7.34E+05
Number of 5,300 m^3 vaults 40 49 591 79 138

Extensive Separations

.
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Ex Situ alternative comparison

Waste Blending Canister Count (HLW) or, Canister Size Overall Duration of Trips to Repository Trips to Repository
Loading Factor Number of LAW Vaults Vault Size Processing Plant Opcrations 10 rail cars/train 10 rail cars/train
weight % (m^3) Efficiency (years) 2 can/HMPC 4 can/HMPC

No Separations
WHO Data Pkg. 30% 1 21400 10 36% 14 2140
Proposed DEIS 20% 1.5 587426 0.62 60% 15 29371 14686

Intermediate Separations
HLW

45% 1 6800 1.26 25% 14 340 170
|Proposed DEIS 20% 1.5 33386 0.62 60% 12 1669

LAW
WHC Data Pkg 25% 1 40 5300 36% 14

Proposed EioS 15% 1.25 83 5300 60% 19
Extensive Separations

HLW
WHO Data Pkg. 34% 1 502 0.62 26% 14 25 3

_Proposed DEIS 20% 1.5 1571 0.62 50% 14 79 .

LAW
WHC Data Pkg. 25% I 40 5300 36% 191
Proposed DEIS 15% 1.25 83 5300 60% 191

a
I
jth rh(7

WSTLOAD.XLS short summary
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SELECTIVE RETRIEVAL INVENTORY RECOVERED
DECAYED TO 12/31/95 % OF TOTAL
Radionuclides 3WDS 3EDS SEDS TOTAL DST INVENTORY
14C 0.00E+00 2.30E+03 1.49E+00 2.30E+03 99%
9OSr 3.52E+04 9.64E+06 3.82E+03 9.68E+06 87%
90Y 3.52E+04 9.64E+06 3.82E+03 9.68E+06 87%
99Tc 3.62E+03 1.51E+04 6.08E+02 1.93E+04 92%
137Cs 3.57E+06 2.08E+07 1.89E+06 2.63E+07 89%
137Ba 3.39E+06 1.98E+07 1.79E+06 2.50E+07 85%
154Eu 0.001+00 7.43E+04 0.00E+00 7.43E+04 100%
237Np 0.001+00 4.46E+01 0.00E+00 4.46E+01 98%
238Pu 0.00E+00 1.69E+02 0.00E+00 1.69E+02 12%
239Pu 5.79E+01 2.25E+03 5.39E+01 2.36E+03 28%
240Pu 1.45E+01 5.98E+02 1.35E+01 6.26E+02 26%
241Piu 3.18E+01 1.14E+04 2.96E+011 1.15E+04 29%
241Am 5.07E+02 4.96E+04 1.36E+021 5.03E+04; 71%
Total Curies 7.03E+06 6.00E+07 3.69E+061 7.08E+07 87%
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Table A.7
SST Radionuclide Inventory by Tank Group

fttt q 0#'

1/27/96

Ra-225 J 1.131-06 1.30E-06 5.221E-06 1.65E-06 2.73E-06 1.201E-05 77%
Ra-226 5.37E-08 3.24E-08 4.78E-08 2.64E-08 1.33E-08 1.74E-07 83%
Ra-228 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.005+00
Rh-106 5.40E-05 1.10E-02 7.58E-02 8.60E-02 3.35E-01 5.08E-01 86%
Rn-219 4.571-03 2.751-03 8.131-03 1.371-03 2.34E-04 1.715-02 85%
Rn-220 0.001+00 0.00E+00 0.00E+00 0.00E+00 0.0011+00 0.00E+00
Rn-222 5.37E-08 3.24E-08 4.78E-08 2.64E-08 1.331-08 1.74E-07 83%
Ru-106 5.85E-05 7.82E-03. 7.93E-02 9.63E-02 3.43E-02 2.181E-01 37%
Sb-126 7.62E+00 1.2113+01 6.24E+00 1.33E+01 2.45E+01 6.38E+01 73%
Sb-126m 5.44E+01 8.62E+01 4.46E+01 9.51E+01 1.75E+02 4.55E+02 73%
Se-79 8.02E+01 2.31E+02 4.90E+02 3.05E+01 6.15E+00 8.38E+02 92%
Sm-151 5.88E+04 9.46E+04 5.011+04 9.46E+04 1.71E+05 4.69E+05 72%
Sn-126 5.44E+01 8.62E+01 4.46E+01 9.5111+01 1.75E+02 4.551+02 73%
Sr-90 1.29E+06 6.84E+06 7.57E+06 4.65E+06 1.12E+07 3.16E+07 66%
Tc-99 9.67E+02 2.781+03 5.911+03 3.72E+02 7.43E+01 L01E+04 92%
Th-227 4.47E-03 3.79E-03 7.88E-03 1.40E-03 1.85E-04. 1.77E-02 89%
Th-228 0.00E+00 0.0011+00 0.00E+00 0.001+00 0.00E+00 0.00E+00
Th-229 1.131-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Th-230 7.89E-06 4.87E-06 6.85E-06 3.85E-06 2.73E-06 2.62E-05 82%
Th-231 6.93E+00 2.28E+00 6.48E+00 2.48E+00 5.72E-01 1.87E+01 91%
Th-232 1.77E-14 2.78E-14 2.93E-14 4.92E-14 4.32E-14 1.67E-13 86%
Th-234 1.651+02 5.10E+01 1.531+02 5.66E+01 1.37E+01 4.39E+02 91%
TI-207 4.521E-03 3.83E-03 7.97E-03 1.42E-03 1.87E-04 1.791-02 89%
TI-208 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
71-209 3.26E-08 5.60E-08 1.18E-07 4.4411-08 4.15-081 2.92E-07: 86%
U-233 8.15E-04 8.91E-04 5.29E-03 5.721E-04 1.0813-031 8.65E-03 80%
U-234 4.28E-02 2.821E-02 3.90E-02 2.72E-02 1.90E-02 1.56E-01 81%
U-235 6.93E+00 2.28E+00 6.48E+00 2.48E+00 5.72E-01 1.87E+01 91%
U-236 2.08E-04 3.2511-04 3.43E-04 5.76E-04 5.06-04 1.96E-03 86%
U-237 9.22E-02 1.21E-01 1.94E-01 2.85E-01 2.235-01 9.15E-01 87%
U-238 1.65E+02 5.10E+01 1.53E+02 5.66E+01 1.37E+01 4.39E+02 91%
Y-90 1.31E+06 6.92E+06 7.651+06 4.6961+06 1.13E+07 3.19E+07 66%
Zr-93 3.41E+01 3.78E+02 2.23E+02 5.35E+02 1.46E+03 2.63E+03 67%
TOTAL [ 7.95E+07 69%
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Table A.7
SST Radionuclide Inventory by Tank Group

4) 0,r.7

Radionuclide 12/31/951CURIES SELECTIVE RETRIEVAL INVENTORY RECOVERED % OF TOTAL
SST group IWSS |2WSS lESS. f2ESS 4ESS TOW SST RAD
Number of Tanks 40 43 40 16 j 149 NVENTORY
Ac-225 1.13-06 1.30E-06 5.22E-061 1.65E-06 2.73E-061 1.20E-05 77%
Ac-227 4.53E-03 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Am-241 1.52E+03 7.08E+03 7.21E+03 9.51E+03 4.07E+03 2.94E+04 89%
Am-242 2.45E+00 1.52E+01 1.82E+01 1.97E+01 7.59E+00 6.312+01 91%
Am-242m 2.46E+00 1.52E+01, 1.83E+01 1.98E+01 7.62E+00 6.34E+01 91%
Am-243 8.95E-01 6.53E+001 9.23E+00 1.15E+01 2.50E+00 3.07E+01 92%
At-217 1.13E-06 1.30E-061 5.22E-06 1.65E-06 2.73E-06 1.20E-05 77%
Ba-137m 7.12E+05 3.35E+061 3.22E+06 7.44E+04 8.29E+04 7.44E+06 88%
Bi-210 1.33E-08 7.53E-09 1.232-08 5.85E-09 1.69E-09 4.07E-08 82%
Bi-211 4.53E-03 3.84E-03 7.99-03 1.42E-03 1.881-04 1.80E-02 89%
Bi-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Bi-213 1.13E-06 1.30E-06 5.22E-06 1.65E-06 2.73E-06 1.20205 77%
Bi-214 5.37E-08 3.25E-08 4.78E-08 2.632-08 1.33E-08 1.742-07 83%
C-14 * 2.48E+02 4.49E+02 1.73E+03 2.07E+02 1.62E+02 2.80E+03 93%
Cm-242 2.03E+00 1.26E+01 1.512+01 1.63E+01 6.29E+00 5.24E+01 91%
Cm-244 2.58E+00 2.28E+01| 4.73E+01 5.29E+01 3.94E+00 1.29E+02 94%
Cm-245 1.64E-04 1.66E-031 3.61E-03 4.05E-03 3.02E-04 9.79E-03 94%
Cs-135 1.62E+01 5.73E+01| 4.72E+01 8.91E-01 1.47E+001 1.23E+02 85%
Cs-137 7.52E+05 3.54E+06 3.40E+06 7.86E+04 8.76E+04 7.87E+06 88%
Fr-221 1.133-06 1.30E-06 5.22E-06 1.65E-06 2.731306 1.20E-05 77%
Fr-223 6.25E-05 5.30E-05 1.10-04 1.96E-05 2.59E-06 2.48E-04 89%
1-129 1.40E+00 4.03E+00 8.59E+00 5.66E-01 1.10E-01 1.47E+91 92%
Nb-93mn 7.44E+01 4.03E+02 3.52E+02 3.79E+02 1.11E+03 2.32E+03 76%
Ni-59 0.00E+00 0.OOE+00 0.00E+00 0.00E+00 0.00E+00 0.OOE+00 0%
Ni-63 4.79E+03 2.21E+04 4.81E+04 5.47E+04 9.07E+04 2.20E+05 80%
Np-237 6.93E+00 9.19E+00 4.61E+01 7.24E-02 3.462-01 6.26E+01 90%
Np-238 1.13E-02 7.73E-02 8.68E42 9.44E-02 3.31E-02 3.03E-01 91%
Np-239 8.95E-01 6.53E+00 9.23E+00 1.15E+01 2.49E+00 3.07E+01 92%
Pa-2 31 8.61E-03 6.58E-03 1.40E-02 3.13E-03 4.49E-04 3.27E-02 90%
Pa-233 6.93E+00 9.202+00 4.61E+01 7.17E402 3.46E-01 6.262+01 90%
Pa-234 2.64E-01 8.16E-02 2.44E-01 9.06E402 2.20E-02 7.03E-01 91%
Pa-234n 1.65E+02 5.10E+01 1.53E+02 5.66E+01 1.37E+01 4.39E+02 91%
Pb-209 1.13F,06 1.30E-06 5.22E-06 1.65E-06 2.73E406 1.20E-05 77%
Pb-210 1.33E-08 7.53E-09 1.23E-08 5.84E-09 1.692-09 4.07E-08 82%
Pb-211 4.53E-03 . 3.84E-03 7.99E-03 1.42E-03 1.88E-041 1.80E-02 89%
Pb-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+001 0.00E+00
Pb-214 5.37E-08 3.24E408 4.782-08 2.632-08 1.33E-08 1.742-07 83%
Pd-107 7.49E+00 2.15E+01 4.67E+01 3.50E+00 6.212-01 7.98E+01 92%
Po-210 1.331308 7.54E-09 1.232-08 5.802409 1.64E-09 4.06E-08 82%
Po-211 1.26E-05 7.55E-06 2.22E-05 3.49E-06 4.42E07 4.632-05 84%
Po-212 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-213 1.11E-06 1.28E-06 5.11E-06 1.61E-06 2.672406 1.18E-05 77%
Po.214 5.37E-08 3.24E-08 4.78E-08 2.63E-08 1.33E08 1.74E-07 83%
Po-215 4.53E-03 3.84E403 7.99E-03 1.422403 1.88E04) 1.80E-02 89%
Po-216 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Po-218 5.37E-08 3.24E-08 4.78E-08 2.63E-08 1.33E-08 1.74E407 83%
Pu-238 1.69E+02 1.71E+02 1.62E+02 1.77E+02 1.50E+02 8.30E+02 75%
Pu-239 148E+03 2.17E+03 2.47E+03 4.40E+03 3.68E+03 1.42E+04 79%
Pu-240 3.09E+02 4.80E+02 6.09E+02 1.13E+03 9.18E+02 3.45E+03 80%
Pu-241 3.44E+03 3.98E+03 7.65E+03 1.23E+04 7.74E+03 3.52E+04 82%
Pu-242 9.46E-06 5.80E-05 7.93E-05 8.99E-05 3.44E405 2.71E-04 79%
Ra-223 4.53E-03 3.84E-03 7.99E-03 1.42E-03 1.88E-04 1.80E-02 89%
Ra-224 0.00E+00 0.00E+00 0.00E+00 0.00E+00| 0.00E+00| 0.002+00
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Phased Implementation

Assumptions:
1. Phased Implementation Separations and Treatment is similar to Intermediate Separations
except the separations for Sr, Tc, and TRU elements are taken from Extensive Separations
2. HLW glass waste oxide loading basis to be 20 wt% waste oxides
not counting the Na2O or SiO2 in the waste feed streatm
3. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
4. LAW glass sodium oxide loading basis is to be 15 wt%

Input Stream LAW HLW
STREAM 1 407 437 314 344
solids liquids FRIT GLASS FRIT GLASS HLW

Volume kilo-liters fraction
Specific Gravity
Cs and Ba, (MCI) 5.28E+00 6.28E+01 6.81E-01 6.74E+01 0.99
Sr and Y. (MCi) 1.051+02 2.10E+00 1.07E+00 1.06E+02 0.99
Tc, (MCi) 5.89E-03 2.612-02 3.20E-04 3.17E302 0.99
Am. (MCI) * 9.51E-02 8.61E-03 1.04E-03 1.03E-01 0.99
Np, (MCi) 9.29E-05 1.03E-05 1.03E-06 1.02E-04 0.99
Pu-239, (MCi) 2.47E-02 1.67-03 2.64E-04 2.61E-02 0.99
Pu-240, (MCi) 6.28E-03 4.14E04 6.69E-05 6.63E-03 0.99
Pu-241,(MCi) 7.34E-02 1.49E-03 7.49E-04 7.41E-02 0.99
Total TRU, (MCi) 2.00E-01 1.22E-02 2.12E-03 I 2.10E-01 0.99
Total MCi 1.11E+02 6.49E+01 1.76E+00 1.74E+02 0.99
Total Mass Flow (MT) 1.94E+04 7.10E+05 2.81E+05 3.87E+05 1.36E+04 2.512+04
Total Cr, (MT) 1.32E+02 5.15E+01 1.44E+02 3.96E+01
Total Na, (MT) 1.24E+03 6.512+04 7.18E+04 2.33E+03
Total Si, (MT) 5.242+02 5.65E+00 1.07E+05 1.07E+05 5.29E+03 5.83E+03
Total P. (MT) 7.80E+02 8.42E+02 1.35E+03 2.72E+02
Total N02-. (MT) 7.38E+01 9.54E+03
Total N03-, (MT) 1.03E+03 1.06E+05
AG+ 1.382+00 3.28E-01
AG20 3.52E-01 1.48E+00
AL+3 2.37E+03
AL203 - 1.32E+04 1.94E+04 1.73E+03
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03,
AM203 2.76E-03 3.05E-02
AS+5 4.98E-01 7.70E-01
AS205 1.18E+00 7.66E-01
B+3 9.94E-01 5.193-01
B203 1.67E+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-01
BAO 8.81E-01 3.452+00
BE+2 7.61E-03 8.19E-02
BEO 2.27E-01 2.16E-02
BI+3 1.96E+02 6.76E+01
B1203 7.52E+01 2.19E+02
C14 4.533-04 7.43E-04
CA+2 1.33E+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.932+00 2.09E+00
CDO 2.38E+00 9.06E+00
CE+3 2.35E+02 2.372+00
CE203 2.79E+00 2.76E+02
CL- 3.49E+00 3.112+02
CL2
CO
C02
C03-2 2.252+02 3.372+03
CR+3 1.32E+02
CR203 2.11E+02 5.79E+01
CR(OH)4- 1.19E+02
CS+ 3 . 9.25E-02 8.19E-01
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Phased Implemenacion
A -3

CS20 6.83E-03 9.58E-01
CU+2 7.46E-01 1.77E-01
CUO 2.21E-01 9.34E-01
CUS04
F- 5.97E+01 1.12E+03
F2
FE+3 7.63E+02 1.44E+01
FE203 2.06E+01 1.21E+03
H2
820 5.07E+05,
H2S
HG
HG+2 9.00E-03 9.49E-01
I- 2.02E+01 5.46E+02
12
K+ 2.10E+01 2.19E-01
K20 2.65E-01 2.53E+01
KEROSENE
LA+3 2.10E+01 2.19E-01
LA2O3 2.58E-01 2.46E+01
LI+ 2.46E-02 5.77E-03
U.20 1.24E-02 5.00E+02 5.03E+02
MG+2 1.10E+01 9.65E-01
MGO 1.60E+00 1.88E+01
MNO2 2.09E+02 2.17E+01 2.16E+01 2.09E+02
MO+6 8.01E-01 4.87E+00
M003 7.29E+00 1.22E+00i
N2
NA+ 7.77E+02 6.51E+04
NA2O 9.68E+04 3.14E+03
NH3
NI+3 6.57E+00 4.07E+00
NI2FECN6 5.00E+02
N1203 5.72E+00 9.27E+00
NIO 1.50E-02 2.27E+02
NO
N02
N02- 7.38E+01 9.54E+03
N03- 1.03E+03 1.06E+05,
NP+4 1.32E-01 1.46E-021
NPO2 1.66E-02 1.50E-01
02
OH- 5.00E+03 6.44E+03
PB+4 3.28E+00 1.96E+00
PBO2 2.26E+00 3.79E+00
P04-3 2.39E+03 2.58E+03
P205 3.09E+03 6.22E+02
P205:24W 5.21E-01
PU+4 4.27E-01 2.88E-02
PUO2 3.26E.02 4.94E-01
S
SI+4 7.90E+01 5.65E+00
S102 2.29E+05 2.29E+05 1.13E+04 1.25E+04
S02
S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-01 4.29E+01
TCO2
TCO4. 5.68E-01 2.52E+00
TC207 2.94E-02 2.91E+00
TOC 1.16E+02 1.42E+03
U02+2 158E+03 8U2E+01
U03 9.02E+01 1.67E+03
V+5 1.88E-01 6.20E-02
V205 1.11E-01 3.35E-01
W+6 7.47E-01
WO2 2.91E-05 4.41E-01,
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Phased Implementation

W03 I 9.40E-01 | 2.06E-03 I
ZN+2 9.45E-01 3.59E+00
ZNO 4.46E+00 1.19E+00
ZR+4 2.77E+02 4.48E-01
ZRO2 6.49E-01 6.90E+02
ZR02:2H2 4.09E+02 2.15E+01

WI-C Data Package Basis
Mass LAW waste oxides 106542.3696
LAW waste loading (waste oxide) 28%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides 7.26E+03
HLW waste loading (waste oxides) 29%

HLW

20 wt. % waste oxide loading
Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 20% wo loading, MT 36304.93905 45381.17381 54457.40858 72609.8781 127067.2867
additional frit required (equals increased glass) MT 1.12E+04 2.03E+04 2.94E+04 4.75E+04 1.02E+05
total frit required, MT 2.48E+04 3.39E+04 4.30E+04 6.11E+04 1.16E+05

glass density (MT/m^3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (M^3) 1.38E+04 1.73E+04 2.07E+04 2.76E+04 4.83E+04
Canister Volume (m^3) 0.62
Number of Canisters (lx) 2.23E+04 2.78E+04 3.34E+04 4.45E+04 7.79E+04
Nu. of Canisters /HMPC 4
Number of HMPCs 5.57E+03 6.96E+03 8.35E+03 1.11E+04 1.95E+04
Number of trips @ 10 HMPCs /trip 557 696 835 1113[ 1948

Glass fnrmulatinn
(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.5 2 3.5

SiO2 42 to 57 wt % 60.08% 64.68% 67.75% 71.597. 76.52%
B203 5 to 20 wt % 8.82% 9.63% 10.17% 10.84% 11.71%
Na2O 5 to 20 wt % 8.65% 6.92% 5.77% 4.32% 2.47%
L120 1 to7 wt % 2.52% 2.75% 2.91% 3.10% 3.35%
Fe203 2to15 wt % 3.33% 0.00% 0.00% 0.00% 0.00%
CaO < or- 10 wt % 0.52% 0.42% I 035%, 0.26% 0.15%
MgO < or - 8 wt % 0.05% 0.04%j 0.03% 0.03% 0.01%
A1203 < or - 15 Wt % 4.77% 3.81% 3.18% 2.38% 1.36%
ZrO2 < or - 13 wt % 1.90% 1.52% 1.27% 0.95% 0.54%
Cr203 < or = 0.5 wt % 0.16% 0.13% 0.11% 0.08% 0.05%
P205 < or = 3 wt % 1.71% 1.37% 1.14% 0.86% 0.49% _

S03 <or = 0.5wt %

HLW Pacility Sizine
Schedule 14 - _ _ _,_ .,.. C
Capacity MT/day .4 A \ 6 C I M' ' ' ,

Overall efficiency, % _t_-------..44.%. 53% 71% 124%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 11.84 14.80 .6 ----...23.68 41.44
Required operating duration yrs (assuming 20 MT/day, 60% OE) 10.36 12.43 16.58 1

15 wt % waste oxide loading
Mass of glass required to achieve 15% wo loading MT 4.84E+04 6.05E+04 7.26E+04 9.68E+04 1.69E+05
Volume (m^3) 1.84E+04 2.30E+04 2.76E+04 3.68E+04 6,44E+04
Number of Canisters (lx) 2.97E+04 3.71E+04 4.45E+04 5.94E+04 1.04E+05

40 wt % waste oxide loading
Mass of glass required to achieve 40% wo loading MT 1.82E+04 2.27E+04 2.72E+04 3.63E+04 6.35E+04
Volume (m3) as cullet 6.90E+03 8.63E+03 1.04E+04 1.38E+04 2.42E+04
Number of Canisters (lx) 1.11E+04 1.39E+041 1.67E+04 2.232+04 3.90E+04

Page 3
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Ft9is ~a-wr-q4Phased Implementation

15 wt. % sodium oxide loading
Blending factor J 1.25 1.5 2 3.5
Mass of glass required to achieve 15% wo loading. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87E+05 1.01E+06 1.98E+06
total friE required, MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

glass density (MT/m^3) 2.63
cultet packing fraction 0.7

Waste volume (m'3) 3.51E+05 4.38E+05 5.26E+05 7.01E+05 1.23E+06

Number of 5300 m^3 vaults 66 83 99 132 231

LAW facility sizing I
Schedule. years 14
Capacity MT/day - 200

Overall efficiency, % 63% 79% 95% 126% 221%
Required capacity MT/day (assuming 14 ys ops, 60% OE) 210.48 263.10 315.72 420.96| 736.68
Required operating duration yrs (assuming 200 MT/day, 60% OE) 14.73 18,42 22.10 29.47 51.57

10 wt. % sodium oxide loading
Blending factor 1 2 3.5
Mass of glass required to achieve 10 968000 1936000 3388000

Waste volume, m^3 525801.195 1051602.39 1840304.183
Number of 5.300 m^3 vaults 99 198 347

25 wt. %' sodium oxide loadin9
Blending factor 1 2| 3.5
Mass of glass required to achive 25 wt % Na20 387200 7744001 1355200

Waste Volume 210320.478 420640.9561 736121.673
Number of 5.300 m^3 vaults 40 791 1391

Page 4
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Table 5.1.1 Key Geology and Soil Impact Parameters

Alternatives Minerid Resources in' (yd') Soil Disturbance 'iha (at)

Tank Waste Sold and Gravel Silt Rip rap Temporary Permanent

No Action Remediation None Required None Required ( None Required j 0 0

Total Project' None Required Nolte Required None Required 0 17 (42)

Long-Term Management Itemiediation None Required None Required None Required 50 (120) 8 (20)

Total Project None Required None Required None Required 50 (120) 25 (62)

In Situ Fill and Cap Remediation 690,000 (912.W None Required None Required 26 (64) 17 (42)

Total Project 1.101+06 (1.5 06) 380.000 (500,C 3) 640.000 (840.000) 97(240) 25(62)

lin Situ Vitrilication Remedinflon 540,000 (714.000 None Required None Required 110(270) 17(42)

Total Project 955,000 (1.32+0 ) 380.000 (500,0C3) 630.000 (840.000) 180 (440) 25 (62)

hx Situ Interutedinte Remediation 317,000 (419.000 None Required I None Required 96(240) 30(74)
Separations

Total Project 1.71+06 (2.2E+ 6) 530.000 (700.0p) 800.000 (.01E+ 6) 210 (520) 40 (100)

lEx Situ No Separations Remedlation 123,000 (163,000 Nolte Required None Req~ired 68 (10) 19(47)

Total Project 1.3E+06 (1.71 3 6) 380,000 (500. ) 640.000 (140.000 160(400) 27 (67)

Ix Situ Extenssive Renediation 372,000 (492,0i Nolte Required None Requ ired 97 (240) 30 (74)
Separatioils 'olt Project 1.72+06 (2.32+ 6) 540,000 (710. ) 810.000 (1.12+0 ) 220 (540) 40 (100)

lEx Situ/Its Situ Rensediation 410,000 (542.000 None Required None Required 90(220) 29(72)
Combsinatiton

Tolat Project 1.31+06 (1.811+ 6) 440.000 (580, ) 700.000 (930, ) 180 (440) 37 (91)

PIshsed lmplem tntion Remediation 12,000 (16.900) None Required None Required 33 (82) 0
(I'imse I) Total Project 1.21+04 (1.6E+ ) None Required None Required 33(82) 0

Phased Imsplenentalion Remedlation 159,000 (2 10.00dy None Required None Required 120 (300) 33 (82)
(Tolal Alternative) .

Total Project 1.52+06 (2.02+0 ) 526,000(695. ) 805,000 (1.06E+06) 240 (590) 43(110)



Table 5.1.1 Key Geology and Soil Impact Parameters (cont'd)

Allernatlves Mineral Resources m' (yd') Solt Disturbance ' ha (ac)

Cesium and Strontium Capsules Sand and Gravel Silt Rip rap Temporary . Permanent

No Action None Required None Required None Required 0 0.6 (1.5)

Onsite Disposal None Required None Required None Required 4 (10) 1.8 (4.5)

Overpack and Ship None Required None Required None Required 2 (5) 0

Vitrify with Tank Waste None Required None Required None Required I (2) 0

Notes:
'These estinites are based on closure of the tank farms by filling tanks and covering diem with
Total project estimates Include remediation and closure as landfill.

a Hanford Barrier. Numbers have been rounded to wo significant digits.
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Jc>
ratermediate Separations

!ZR+4 I 2.77E+02i 4.48E-01:
ZRO2 i 6.49E-011 6.9OE+02 1
ZRO2:2H2 4.09E+02 2.15E+Oll

W/TC Dari Packfige natit __________________I_____________I______II________

Mass LAW waste oxides 106544.7302
LAW waste loading (waste oxide) 28% _

LAW waste loadin (sodium oxide) 25%1
Mass 1LW waste oxides 7.26E+031
HLWwaste loading (waste oxides) 1 29%

t20wt. %waste oide ladinu. IIIIII____ ____ i ______

Blending factor I _ _ 1.251 1.51 21 3.51
Mass of glass required to achieve 25% wo loading. MT i 3693.13581 45366.41975154439.70371 72586.2716[ 127025.9753 _

additional fric required (equals increased glass) MT I 1.12E+041 2.03E+041 2.93E+04 4.75E+041 1.02-E+05
total frir required. MT 2.48E+041 3.39E+041 4.29E+04 6.11E+041 1.16E+051

_ _ _ _ _ I I_ I_ I I_ _I _ _ _ _ _

glass density (MT/mw3) 2.63
cullet packing fraction .7(LAW only)

Waste volume (m^3) 1 1 1.38E+041 1.72E+ 2.07E+041 2.76E+041 4.83E+04
Canister- Volume (me3) 0.621
Number of Canisters (Ix) 2.23E+04 2.78E+04 3.34E+04 4.45E+04 7.79E+04
Nu. of Canisters /HMPC 4 1 I
Number of HMPCs i 5.56E3+031 6.96E+03 8.35E+03 1.11E+04 1.95E+ 04 .

Number of trips @ 10 HMPCs /trip 1 5561 696 835 11131 1948

Glasi fomltin- I _

(ref Ext. Sep Data Pkg.) acceptable range 1 1.251 1.5 2 3.5

SiO2 42 to 57 wt % 1 60.07% 64.68%1 67.75% 71.59% 76.52% 1
B203 1to 20 w. % 8.82% 9.63%] 10.17% 10.84% 11.71%
Na2O to 20 we % 8.65% 6.92%1 5.77% 4.33% 2.47% 1
Li2O to 7 we 7. 1[ 2.52%j 2.75%l 2.91% 3.10% 3.35%
F.203 12 to 15 w % i 3.33% 0.00%J 0.00% 0.00% 0.00%
CaO < or- 10 w % 0.52% 0.42%J 0.35% 0.26% 0.15%1
MgO < or - 8 wt % 0.05% 0.04%| 0.03% 0.03% 0.01%1
A1203 < or - 15 wt % 4.77%J 3.81%1 3.18% 2.38% 1.6%
ZrO2 <or - I3 wt% 1 .90% 1.52% 1.27% 0.95%1 0.54
Cr203 < or - 0.5 wt % 1 0.16%1 0.13% 0.11%! 0.08% 0.05%
P205 < or - 3 w1 % 1.71%j 1.37% 1.14% 0.86% 0.49%
S03 < or- 0.5 wt -

Schedule 14 y s

Capacity MT/day 2i

Overall efficiency, % 36%1 44%j 53% 71% 124%
Required capacity MT/day (assuming 14 yrs ops. 60% OE) 11.841 14.801 17.76 23.67 41.43

uired operating duraion yrs (assmn 20 MT/day. 60% OE) 10.361 12.43 16.57! 29.00

Mass of glass Mqui___ _ o achiev 15% w0 ladng MTI 4.84E+04 6.05E+04 7.26E+04 9.68E+041 1.69E+051
Volume (M3) 1 1.84E+04 2.30E+04! 2.762+04 3.68E+041 6.44-E+04
Number of Canisters (lx) I 2.97+04 3.71E+04 4.45E+04 5.94E+04! 1.04E+051 I

Mass of glass requireifto achieve 40% wo loading MT I I.81E+04[ 2.27E+041 2.72E+04 3.632+04 6.35E+04
Volume(m3) I 6.90E+031 8.62E+031 1.03E+04 1.38E+04 2.41E+04
Number of Canisters (1x) I 1.11E+041 1.39E+041 1.67E+04 2.23E+041 3.90E+04

L.A1
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Incenmediac Sepaations

15wt. % sodium odd loading
Blending factor if '1:251 t.5 21 3.5
Mass of glass required to achieve 15% wo loading. MT I 6.45E+051 '8.07E+05 9.68E+051 1.29E+061 2.26E+06
additional (fit required (equals increased glass) MT 1 3.64E+05 5.26E+051 6.87E+5j 1.01E+061 1.98E+061 I
total frit required, MT I 6.45E+051 "8.07E+05 9.68E+051 1.29E+06 2.26E+061

glass density (MT/m3) 2.631 j
cullet packing fraction 1 0.7i

Waste volume (m-3) 3.51S+05 1 4.38E+05 .26E+05 7.01E+051 1.23E+061

Number of 5300 m-3 vaus 66 -991 132 23 1.

LAW facility sizing
Schedule. years 141
Capacity MT/day 2001

Overall efficiency 7.% 1 63%1 79% 95%1 126% 221%1
Required capacity NT/day (assuming 14 yrs ops. 60% 0E) 210.481 263.10 315.721 420.96 736.681
Required operating duration yrs (assuming 200 MT/day. 607. OE)1 14.731 18.42 22.101 29.47 51.571

10',ft % sodium oxie ioudiny
Blend . I i d Ads'1W5 - 2 3.51
Mass of glass requlred to achieve 10 al .1 968000 S 00 07d 1 19360001 3388000

Waste volume. m^3 I I 525801.195145 7ASi.I1 _1051602.391 1840304.183 -

Number of 5.300 m-3 vaults 99. OM 198 347,

Mi WuzslinfaiW laadin
Blending factor ' t 2 3.31
Mass of glass required to achive 25 w % Na2O 387001 - Y1 000 774400 1355200

Waste Volume i 210320.478Z .1900. 1 420640.9561 736121.673 I
lNumber of 5.300 m-3 vaults 1 1 401 5b 79 139 1
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Intermediate Separations

15 wr % sodiun oxide oadina I |I

Blending factor I I t . 1.251 1,51 2 3.5
Mass of glass required to achieve 15% wo loading. MT 6.45E+051 8-07E+05 9.68E+051 1.29E+061 2.26E+06
additional frit required (equals increased glass) MT 13 E+05i 5.26E+05 6.87E+05 1.01E+061 1.98E+06
total frit required.MT 6.45E+051 8.07E+051 9.68E+05 1.29E+061 2.26E+061

glass density (MT/m3) 2.631 1 1
culet acking fraction 0.71 1 1

Waste volume (M^3) I I 3.51E+05j 4.38E+05, 5.26E+05 7.01E+05 1.23E+06j

Number of 5300 m-3 vaults 661 831 99 321 _

LAW facility sizing I
Schedule. years 14
Capacity MTday 200i

Overall efficiency. % I_ _63%I 79%. 95% 126% 221%1
Required capacity MI/day (asuming 14 yrs ops. 60% OE) 2I0.48 263.10 \ 315.721 420.96 736.68
Required operacing duration yes (assuming 200 NT/day. 60% OE)1 14.73Y 18.421 Z 22.10 29.471 51.571

10 ut. % qodium oxide loadin
Blending factor I111 1.251 2 3.51
Mass of glass required to achieve 10 96800011 12100001 _ _ _ 1936000 33880001

I It I Il3 ]
Waste volume. m^3 I 525801.19511657251.49381 1051602.39 18403G4.183i
Number of 5,300 m3 vaults 991 124 1 198 3471

25 t. % sodium oxide lonadin
Blending factor 1 I1 1.251 T -- I2 3.51
Mass of glass required to achive 25 wt% Na2O 38720_ 4940001 1 774400 1 13552001

Waste Volume ij210320.4781 262900.59751 I 420640.9561 736[21.6731
Number of 5.300 m^3 vaults 40i\ 501 / I 791 139

loermediae Separations2/2/96 10.55 AM Page A
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F.13 Backup for Table 9-19

Resource Resuirements

Table F-37 gives the consumable resource requirements for the Tri-Party Agreement
alternative data package. Where possible the information for resource usage was taken from
the material balances in Appendix A. Exceptions are ion exchange media, decon chemicals,
glycolic acid, raw and sanitary water, and electicity. How these values were obtained is
defined in the Table 94 foomotes or backup. The raw material prices were taken from the
"Chemical Marketing Reporter" or from the Facility Configuration Study.

Table F-38 gives the miscellaneous resource requirements for the Tri-Party Agreement
alternative data package. All of the costs for the items were taken from the Facility
Configuration Study except for solid waste. This value is based uon -engineering judgement.
The total cost for the LLW vaults in Table F-38 is a total cost which includes staffing for
construction as well as consumable resources.

F-99



Operating Cost for Consumables. -

Frit Megagram $3,860 52 $200,720 $0 52 $200,720

Flocculent Megagram $100 85 $8,500 $0 85 $8,5m

lon lixehange Cubic $11,000 224 $2,464,000 $0 224 $2,464,000
Meter

NaNO2 Megagram $210 54 $11,340 $0 54 $11,340

Sulfur Megagram $370 127,000 $46,990,000 $0 127,000 $46,990,000

DCP'D' Megagram $150 3,360 $504,000 $0 3,360 $504,000

CPID" Megagram $150 3,360 $504,000 $0 3,360 $504,000

NaOlI Megagram $250 26,200 $6,550,000 $0 26,200 $6,550,oo

1-N03 Megagrai $160 4,190 $670,400 $0 4,190 $670,400

N13 Megagram $350 8,480 $2,968,000 277 $96,950 8,757 $3,064,950

Decon Megagram $401 2,114 $847,714 3,171 $1,271,571 5,285 $2,119,285
Chemicals

Kerosene Megagrani $150 57,800 $8,670,000 $0 57,800 $8,670,000

Si02. Megagram $40 229,000 $9,160,000 11,300 $452,000 240,300 $9,612,000

Megagrain

Megagramn

$500

$60

13,200

38,700

$6,600,0(W)

$2,322,000

$0

$0

13,200

38,700

$6,600,000

$2,322,000

ai

y

(C3

'Ti

A1203

CaO

Table F-37.



Table P-37. Operating Cost for Consumables.

B203 Megagramin $1,000 $0 1,750 $1,750,000 1,750 $1,750,000

U20 - Megagram $5,000 $0 500 $2,500,000 500 $2,500,000

Glycolie Acid Megagram $1,740 $0 3,500 $6,090,000 3,500 $6,090,000

Siuittary Water Cubic $0.03 797,000 $23,910 303,000 $9,090" 1,100,000 $33,000
Meter

RInwWadr Cubic $0.03 9,878,900 $296,367 -1,121,100 $33,633 11,000,000 $330,000
Meter

Steam Megagram $5 $0 $0 $0

yjetricify Megawatt- $30 5,310,000 $19P0,000 3,690,000 $110,7.90;9000 9,000,000 $270,000,00
Hours

Subtotal $248,090,951 $122,903,244 $370,994,195

'Dicycloeilndience
Cyclopentadiene

HLW = high-level waste
LLW = low-level waste

--- V

"I
0
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Table F-38. Other Operating Costs.

Solid Cubic $1,000 1,000 $1,000,000 1,000 $1,000,000 2,000 $2,000,000
Waste Meter

Equipment Per Year 14 year $18,000,000 $252,000,000 $5,000,000 $70,000,000 $322,000,000

Vaults Per $5,000,000 45 $225,000,000 45 $225,000,000

Canisters -Per $10,000 6,820 $68,200,000 6,820 $68,200,000

Containers Per $25,000 1,705 $42,625,000 1705 $42,625,000

Casks Per $60,000 1,705, $102,300,000 1705 $102,3(),000

Pads Per $26,000,000 1 $26,000,000 I $26,000,000

Subtotal

Total From Table P-37

$478,000,000

$248,090,951

$310,125,000

$122,903,244

$788,125,000

$370,994,195

Grand Total $726,090,951 $433,028,244 $1,159,119,195

Grand Total Minus Equipment $474,090,951 $363,028,244 $237,119,195

V

HLW = high-level waste
LLW = low-level waste

C

1-

'C91

Note:
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WHC-SD-WM-EV-103 Rev. 0

Backup to Table 6-20. Operating Costs.

.. . . . ......... .. - .........

Decon Chemicals Megagram $401 2,114 $848,040
Solid Waste Cubic Meter $1,000 1,000 $1,000,000
Kerosene Megagram $150 52,100 $7,815,000
Ammonia . Megagram S350 8,570 $2,999,500
Process Water Cubic Meter $0.03 972,907 $29,187
SioC. Megagram $40 204,000 $8,160,000
A1,0 3  Megagram $500 10,000 $5,000,000
CaO Megagram $60 35,500 $2,130,000

B,0 Megagram $1,000 so
LiO Megagram $5,000 $0

$27,981,727

$1,998,695
Sanitary Water Cubic Meter $0.03 949,390 $28,482
Raw Water Cubic Meter $0.03 3,605,940 $108,178.
Steam Megagram $5 $0
Electricity Megawatt Hours S30 4,690,000 $140,700,000

$140,836,660

$10,059,761

B- 18
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WHC-SD-WM-EV-103 Rev. 0

Table 6-17. Process Module: Overall Cost (1995 Dollars).

Toe a.,,:2NO aratontZ'TtQ

Pumping/sluicing

Hydraulic retrieval

Sludge wash 0

Cesium removal 0

Other radionuclide removal .0

Low-level waste vitrification 0

Low-leVel waste disposal 0

High-level waste vitrification $7.30E9

High-level waste disposal fee $1.29E10

Emptied single-shell tank closure

Emptied double-shell tank closure *

Total $2.02E10

Notes:

*Outside the scope of this document.

For additional backup informaion, see Appendix B.
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Table 6-18. Overall Cost Component (1995 Dollars).

Capital $2.61E91

Operating $1.63E10'

Monitoring and maintenance $5.01E7 3

Decontamination and decommissioning $9.77E84

Research and development $2.80E85

Total $2.02E10'

Notes:

'Total capital cost includes 40 percent contingency. Contingency is excluded from operating monitoring
and maintenance, decontamination and decommissioning, research and development cost, and high-level
waste disposal.

'Total operating cost is calculated at annual operating cost (see Table 6-20). Operating costs include
startup and actual hot operations.

'Total monitoring and maintenance cost is calculated in footnote 1 of Table 6-20. Monitoring and
maintenance is for the HLW canisters stored onsite.

'Total decontamination and decommissioning cost is calculated as the sum of 30 percent of the capital
cost plus three years of annual operating labor cost (Roomer et al.). Decontamination and
decommissioning is defined as the extombment of the radioactively contaminated facilities located in the
200 East Area.

JBased on the research and development costs associated with the low-level waste Vitrification Facility
(Boomer et al. 1994). Although high-level waste research and development costs are lower
(S250,000,000), it is assumed that unknowns associated with no separations and the large equipment size
will require additional testing.

'Costs associated with routine tank farm operations, estimated at $4,070 million (1995 dollars) are not
included in these totals. In addition, costs associated with TWRS program management,
characterization, tank farm upgrades. SST saltwell pumping, and tank farm safety issues resolution are
not included.

For additional backup information. see Appendix B.

Boomer, K. D. and J. M. Colby, T. W. Crawford, J. S. Garfield, J. D. Galbraith,
C. E. Golberg, C. E. Leach, D. E. Mitchell, F. D. Nankani, B3. J. Slanthaug, L. M. Swanson,
T. L. Waldo and C. M. Winkler, 1994, Tank Waste Remediadion System Faciliry Configuration Study,
WHC-SD-WM-ES-295, Rev. 0, Westinghouse Hanford Company, Richland, Washington.
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Table 6-19. Capital Cost Component (1995 Dollars).

Labor S1. 07E9'

Materials and supplies . 34.61E8'

Equipment $8.18E8

Local purchases $2.61E82

Total $2.61E9

'See cost estimate in Appendix D.

- Assumed to be 18 percent of total materials and supplies and equipment purchases, based on
Westinghouse Hanford Company 1994 procurement.
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Table 6-20. Operating Cost Component (1995 Dollars).
........................ $/

Labor $1.18E91

Materials and supplies SI.40E82

High-level waste casks/canisters S 1. 82E93

Equipment $2.10E8 4

High-level waste disposal fee $l.29E105

Total $1.63E10

Notes:

'From Table 6-3 Operational Personnel

(227E)(5130,000/yr)(14 yr operations + 2 year startup + 1.5 yr decontamination and
decommissioning)

(53 NE)(560,000/yr)(14 yr operations + 2 year startup + 1.5 yr decontamination and
decommissioning)

(338 BU)(S90,000/yr)(14 yr operations + 2 year startup + 1.5 yr D&D)

Total = 51.13E9

From Table 6-14 Monitoring and Maintenance Personnel

(1 E)($130,000/yr)(60 yr)

(I NE)(S60,000/yr)(60 yr)

(8 BU)(S90,000/yr)(60 yr)

Total - S5.46E7

Grand Total = S1.18E9

lncludes cold chemicals and utilities at S10 million/year for 14 years (18% assumed to be purchased
locally).

'Based on total cost requirement of 21.400 SS unshielded canisters and 21.400 concrete interim shielding
casks. Canister/cask cost is from facility configuration study which assumes 65k for each cask and 523k
for each canister.

'Based on replacement of melter at S15 million/year for 14 years (18% assumed to be purchased locally).

6-28



WHC-SD-WM-EV-103 Rev. 0

Table 6-20. Operating Cost Component (1995 Dollars).

Notes (Continued):

5Table D-8 (TRW 1995) estimates the repository fee for the No Separations Alternative (Case 7-55C)
would be 58,800 million higher than the estimated repository fee for Case IC, using the TRW Total
System Life Cycle Cost model developed for the Office of Civilian Radioactive Waste Management. Per
informal communications with Mr. Don Nitti of TRW on May 31, 1995, Hanford's repository fee for

case IC is estimated as follows:

Two repository case total life cycle cost = S48.294 billion

Defense program share = 15.7%

Ijanford's share based on ratio of number
of Hanford waste packages (2,465) to total
defense program waste packages (4,588),
from Table 2-4 (TRW 1995) = 53.7%

Hanford's share of Case IC:
(S48.294 billion x 0.157 x 0.537) = 4.072 billion

TRW, 1995, Assessment of Pre-Closure System Cost and Health and Safey Impacts of
Hat ford High-Level Waste Vitrfication Options on the Civilian Radioactive Waste Management System,
A00000000-01717-5707-00003, Rev. 0, TRW Environmental Safety Systems, Inc., Vienna, Virginia.
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Table 6-21. Overall Schedule (Calendar Year Start/Completion Date).

A7M.ctivt N- -Sepa iN

Construction 06/1997"' - 12/2002

Operation 12/2004 - 12/2018'

Decontamination and decommissioning 01/2019 - 12/20232

Monitoring and maintenance 1/2005 - 12/2027'

Research and development 1995 - 20054

Notes:

'Assumes high-level waste no separations will start operating in place of the pretreatment facility.

'Assumes 5 years per facility for decontamination and decommissioning after 14 years of operation.

'Assumes that the high level-waste casks stored on the Hanford Site will required monitoring until they
are transported to the deep geologic repository. Monitoring and maintenance of the HLW product is
assumed to begin one month after start of operations and would continue until completion of shipping to
the geologic repository. Shipment of HLW canisters to the repository is assumed to occur over the
period 2017 through 2027 (TRW 1995, Table D-6).

'Based on the draft multi-year program plan and will continue for one year after the start of operation of
the high-level waste facility.

Boomer, K. D. and J. M. Colby, T. W. Crawford, J. S. Garfield, J. D. Galbraith. C. E. Golberg,
C. E. Leach, D. E. Mitchell, F. D. Nankani, B. J. Slaathaug, L. M. Swanson, T. L. Waldo and
C. M. Winkler, 1994, Tank Waste Remediation System Facility Configuration Study, .
WHC-SD-WM-ES-295, Rev. 0. Westinghouse Hanford Company, Richland, Washington.

DOE, 1990, Radioactive Waste Managemtent, DOE Order 5820.2A, U.S. Department of Energy,
Washington, D.C.

TRW, 1995. Assessment of Pre-Closure System Cost and Health and Safety Impacts of
Hanford High-Level Waste Vitrification Options on the Civilian Radioactive Waste
A000000-01717-5707-00003, Rev. 0, TRW Environmental Safety Systems, Inc.,

Management System,
Vienna, Virginia.
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Assumptions:
1. HLW glass waste oxide loading basis to be 20 wt% sodium oxides
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % sodium oxide loading

Input Frit Output
Istreami streamn407 strean437

liquids solids
Volume kilo-liters 5.85E+05
Specific Gravity 1.21E+00
Cs and Ba, (MCi) 6.28E+01 5.28E+001 6.79E+01
Sr and Y, (MCi) . 2.10E+00 1.05E+021 1.07E+02
Tc, (MCi) 2.61E-02 5.89E-03 1 3.18E-02
Am, (MCi) I 8.61E.03 9.51E-02 1.04E-011
Np, (MCi) - I.03E-05 9.29E-05 1.03E-041
Pu-239, (MCi) 1.67E-03 2.47E-021 2.64E-021
Pu-240, (MCi) 4.14E-04 6.28E-03 6.70E-03
Pu-241,(MCi) 1.49E-03 7.34E-02 7.48E-02
Total TRU, (MCi) 1.22E-02 2.00E-01 2.12E-01
Total MCi 6.49E+01 1.1IE+02 1.76E+02
Total Mass Flow (MT) 7.10E+05 1.94E+04 -2~OE+05 3-.57E+05
Total Cr, (MT) 5.15E+01 1.32E+02 1.84E+02
Total Na, (MT) 6.51E+04 1.24E+03 6.63E+04
Total Si, (MT) 5.65E+00 5.24E+02 9.56E+04 9.61E+04
Total P. (MT) i 8.42E+02 7.80E+02 1.62E+031
Total N02-, (MT) 9.54E+03 7.38E+01
Total N03-, (MT) 1.06E+05 1.03E+031
AG+ 3.28E-01 1.38E+00
AG20 I 1.83E+001
AL+3 2.37E+03 I
AL203 1.QOE+04 1.79E+041
AL(OH)4- 4.83E+03 -
AM+3 2.51E-03 2.77E-02
AM203 3.32E-021
AS+5 7.70E-01 4.98E-011
AS205 1.95E+001
B+3 5.19E-01 9.94E-01
B203 4.87E+00
BA+2 7.91E-01 3.09E+00
BAO 4.33E+00
BE+2 8.19E-02 7.61E-03
BEO 2.48E-01
BI+3 6.76E+01 1.96E+02
BI203 I 2.94E+021
C14 7.43E-04 4.53E-041 I I
CA+2 I 1.67E+011 1.33E+021 I I
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31I
No Separations

CANCRINITE j 2.70E+031 I i I i
CAO 3.55E+041 3.58E+041 -
CD+2 2.09E+00 7.93E+001 I I I I
CDO I 1.14E+01j
CE+3 2.37E+001 2.35E+02T
CE203 I I 2.78E+021
CL- 3.IIE+02 3.49E+001
CL2
CO
C02
C03-2 3.37E+031 2.25E+02
CR+3 1.32E+021
CR203 I i 2.68E+021 I I
CR(OH)4- 1.19E+02I I I
CS+ 8.19E-01 9.25E-021
CS20 I I 9.65E-01 -
CU+2 1.77E-011 7.46E-011
CUO 1.16E+00
CUSO4
F- 1.12E+031 5.97E+01 -

F2
FE+3 I 1.44E+011 7.63E+02
FE203 I 1.23E+031
H2
H20 5.07E+051
H2S
HG
HG+2 9.49E-01 9.00E-031
I- 5.46E+02 2.02E+011
12 1
K+ 2.19E-01 2 10E+011
K20 2.56E+01
KEROSENE j
LA+3 2.19E-011 2.10E+01
LA203 2.49E+01
LI+ 5.77E-03 2.46E-021
L120 I I 6.53E-02
MG+2 9.65E-01 1.10E+01
MGO I 1.98E+01 7e--
MNO2 2.17E+01 2.09E+021 2.31E+021
MO+6 4.87E+00 8.01E-011
M003 T 8.51E+00
N2I

NA+ 6.51E+041 7.77E+021
NA20 8.94E+04
NH3
NI+3 I 4.07E+001 6.57E+00J I
NI2FECN6 I 5.OOE+02J
N1203 1 1.5E+01
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No Separations

NIO 1 2.27E+021
NO
N02
N02- 9.54E+03 7.38E+01
N03- 1.06E+05 1.03E+03
NP+4 1.46E-02 1.32E-01
NP02 1.66E-01I
02
OH- 6.44E+03 5.00E+03
PB +4 1.96E+00, 3.28E+00
PBO2 I I 6.05E+001
P04-3 2.58E+03 2.39E+031 I I I
P205 I 3.71E+031 I
P205:24W I 5.21E-01 I
PU+4 2.88E-021 4.27E-01 I
PUO2 I 5.16E-011 I
S I I
SI+4 - 5.65E+001 7.90E+01 _ I
S102 I2.04E+05 2.06E+051 2..
S02
S04-2 I 2.01E+03 3.97E+01j
SR+2 3.75E-01 3.64E+011
SRO I 4.33E+011
TC02
TC04- 2.52E+;-0-0- 5.68E-01
TC207 2.94E+00
TOC 1.42E+03 1.16E+02
UO2+2 8.52E+0f 1.57E+_3
U03 1.76E+03
V+5 6.20E-02 1.88E-01
V205 4.46E-011
W+6 7.47E-01 I
W02 I 4.41E-011
W03 I 9.42E-011
ZN+2 3.59E+00 9.45E-01 I I
ZNO - 5.65E+001
ZR+4 4.48E-01 2.77E+02 i I
ZRO2 I I 7.07E+021
ZR02:2H2 I 2.15E+01 4.09E+021 I

WHC data package basis:
mass waste oxides _.08E+05Ii
waste loading (wt%) 30% __
sodium oxide loading 25%

20 wt. % sodium oxide Ioadin[
Blending factor 1 1.25 .1.5 2 3.5

Mass of glass required to achieve 20$% sodium loading, MI 4.47E+051 5.59E+05 6.71E+051 8.94E+051 1564500
additional frit required (equals increased glass) MT I 9.00E+041 2.02E+051 14E+051 5.37E+05! 1.21E+06
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No Separations

total frit required, MT 3.40E+051 4.52E+051 5.64E+05 7.87E+051 1.46E-06

glass density (MT/m^3) 1 2.63j
cullet packing fraction 1 0.71

Waste volume (m^3) 2.43E+05 3.04E+0 3.64E+05 4.86E+05 8.50E+05
Canister Volume (m^3) 0.621 1 1 1
Number of Canisters (x) I 3.92E+05 4.90E+051 5.87E+051 7.83E+051 1.37E+06
Number of Canisters per HMPC 41 1 1
Number of HMPCs p9.79E+4 1.22E+05 1.47E+051 1.96E+051 3.43E+05
Number of trips @ 10 HMPCs /trip I 9.79E+031 1.22E+04 1.47E+04 1.96E+041 3.43E+04

Glass formulation:
(ref Ext. Sep Data Pkg. Iacceptable range Calculated value

Si02 42 to 57 wt % 62.51% 66.33%1 68.88%1 72.06%1 76.15%
B203 15 to 20 wc % 0.00% 0.o0%j 0.00% 0.00%1 0.00%
Na2O -5 to 20 wt % 20.00% 16.00% 13.33%| 10.00% 5.71%
Li2O I to 7 wt % 0.00% 0.00% 0.00%1 0.00%1 0.00%
Fe203 12 to 15 wt % 0.28% 0.22%J 0.18%1 0.14% 0.08%
CaO < or= 1 wt %! 10.87%1 11.53% 11.98%f 12.53% 13.25%
MgO < or = Swt %l 0.00% 0.00% 0.00%J 0.00%I 0.00%
A1203 < or = 15 wt % 4.81% 4.65% 4.54%j 4.40%1 4.23%
ZrO2 < or =13 wt % 0.16% 0.13% 0.11%j 0.08%! 0.05%
Cr203 < or = 0.5 wt % 0.06%1 0.05% 0.04%1 0.03% 0.02%

P205 < or = 3 wt % 1 0.83%1 0.66% 0.55%1 0.41%1 0.24%
So3 < or 0.5 wt %

Facility Sizina
Schedule 14 yrs
Capacity MT/day 200I

Overall efficiency, % _ 44% 55% 66%1 87%1 153%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 182 219 292 510
Required operating duration yrs (assuming 200 MT/day, 60% OH) J 131 151 201 36

15 wt % sodium oxide loading I I I I -

Mass of glass required to achieve 15% wo loading MT 5.96E+05 Na2O loadin 1 15%
Volume (m^3) as cullet I 3.24E+051
Number of Canisters (lx) 5.22E+051

40 wt % sodium oxide loading
Mass of glass required to achieve 40% wo loading MT 2.24E+05 Na2O loadin 40%
Volume (m^3) as cullet I 1.21E+05
Number of Canisters (lx) I I 1.96E+051

1/26/96 4:54 PM No SeparationsPage 4



J EJACOBS ENGINEERING GROUP INC
DATE. SUBJECT

BY CHKD.

3"'-

SHEET NO.

JOB NO.

--e cowds

_ - -

-- ~- C-A _ _ -- c

d sd 2 -

I Tt. I -. I U j I 2- I i9
... II6

0 _ _ _ _ _

_ _ _ _ _ _ - _ _1 4 -- < I - . iI
-0 7- 0 C-

- -I I . I

-~~~e! 3' LLC6Oc&cV r--V4C 6

Pon 91 1 al



35~-

TWRS ELS
CALCULATION COVER SHET

DISCPLENE & ILE r / $J lSZ pr CAC'sTZ. -IPs.

O-:-,Mr*.n 4L wiaL, .* t2U A22s etnA -r !-kW

ORiGINATOR C' 6-.sco-5 DATE Ai.

REVISION NO. r-.

OBJECTIVE (A. Je, thd'4' AspnoN uaE..st k b c-cP

!\,:-p7ZC,

CAedi-4,b ^3 rO o-J c- CrJat r-,' 4.. ,i&)e of4

vETHODOLOGY Use 1 t f4C PevO A + pRcz-vO 4-0 chmm,4, r t,

bg oW C ? 'YStC prc C1s&, 4- c -, i/Mun -'cz: ern

(OcJ. < rvna b::=. ('a Co6-..--2 ral -riuka K-o. 0 en q re-c,, ID
ganen fsoep' by ich:=..j

ASSUN2TIONS ~i6TD .

(C-:-- on 2nnt:rh sb:: if -~a-y-

SIGNATURE

CALCULATION & RES-TiLTS A-,AC~=D?-

JACORmtoaarc4car



Ass urdoas

1. HLW glass for any of the cx situ alternatives involving separations is calculated at
20 wt % waste oxides. The waste oxides exclude silica and sodium.
2. The HLW for the No Separations case is calculated at 20 wr % sodium oxide.
Noce: EA glass limits are 17% Na2O and 4.3% 12O and each Li20 is equivalent to 2
Na20 so the EA glass is equivalent to 25% Na2O without any LU20. The privatization RFP
states that the HLW glass will be 25 wt % waste oxides noc counting the Na2O or SiO2.
3. The LAW glass composition is calculated at 15 wt % Na20.
4. The canister size for all HLW is set at 0.62 m^3 ( IX canister)
5. The material balances contained in the WHC data packages were used to calculate
the waste oxides for the HLW and LAW streams.
6. Sensitivity analysis will be done for the Intermediate Separations alternative at 15 wt %,
and 40 wt % waste oxide loading.
7. The material balance for the Intermediate Separations case was used for the Phased
Implementation alternative and was modified to account for additional radionuclide
separations.
8. For purposes of interim onsite storage and transportation to the repository 4 of the Ix
cans are assumed to be placed into an HMPC or similar packaging and would be
repackaged at the repository.
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HLW coac data for RadTran cobos rgi::eeng Group

No Separations Alternative New Base Case (1/26/96)
20 wt% sodium oxide loading. 1.5 blending factor

Vitrification Calcination
jRadionuclide Radionuclide
i Concentration Concentration
ICuries /m^3 Curies /M^3

Am-241 2.86E-011 1.55E+00
Am-243 4.Z12 LI : '/r 9.12E-051 gt. 4.94E-04
Cm-244 3.24E-041 1.76E-03
Cs-137 9.58E+01 I 5.19E+02
NI-63 7.39E-01 4.00E+00
Np-237 1.9[E-041 1.04E-03
Pu-238 1 2.97E-031 1.61E-02
Pu-239 * 7.25E-021 3.93E-01
Pu-240 1.84E-02j 9.97E-02
Pu-241 2.06E-011 1.11E+00
Ru-106 1.04E-071 5.64E-07
Sm-151 1.73E+001 9.38E+00
Sn-126 1.72E-031 9.33E-03
Sr-90 1.20E+02 6.49E+02
Tc-99 8.81E-021 4.78E-01
U-233 I 3.32E-081 1.80E-07
U-234 1 5.82E-071 3.15E-06
U-235 1 5.66E-05 3.07E-04
U-238 i 1.32E-031 7.16E-03
Zr-93 I 1.08E-021 5.86-02
Total (m3) 1 1 3.64E+051 6.72E+04

Number of 0.62 m-3 canisters 5.87E0108388
Number of 0.62 m-) canisters Der HMPC 14- 4
Number of trips to the epository 1468 r.. 1,7{ 2710
Based on 10 HMPCs Der train

Not--: Curies from decay daughter products not included

_ _ _~~J _ _ _ _ _ _ _ _ _ __

I/27/96 WSTLOAD.XLS HLW conc daa for RadTran
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HLW conc data for RadTran Jacobs Enginetn.g Groco

Intermediate Separations WHC data package values

S Radionuclde Invencory tLow-Level High-Leve(
!Waste Gass Waste Glass
JCi/m3 !Ci/m3

A_-2__- 3.90E-02: 1.00E+0E
Am-243 1.30E-05 3.20E-03

I jC-14 I I
I ICm-244 I 4.70E-06 I 5.90E-03
I ICs-135 I 4.80E-06j 1.50E--02

CI Cs-137 1.20E+001 3.70E+03
-1291

I ;_Nf i-63 2.60E-02i 2.80E+01
1 1 Np-237 - 3.20E-051 6.60E-03

jPu-238 I 3.10E-041 1.10E-01
Pu-239 7.60E-03 2.60E+00
Pu-240 1.90E-03 i 6.70E-01

I F 2 P u-241 _ 6.70E-031 7.80E+00
I Ra-226 I

I IRu-106 I I I 8.50E-091 3.80E-06
1 ISm-151 1 1 1 3.10E-02! 6.60E+01

1 ISn-126 I I I 7.20E-041 5.00E-02
I _Sr-90 J I 4.30E+001 5.60E+03

I ITc-99 I I I 1.20E-011 I 6.30E-01
ITh-230 1 2.30E-121 I 4.10E-09

1U-23 2.80E-091 1.20E-06
U-234 4.90E-081 2.10E-05

___________I I _ ______

I U-235 4.80E-06| I 2.10E-03
I U-3 1.10-04 | 4.80E-02

I Zr-93 21.60-051 4.10E-01
I I IToMI (m3)3 f I 2.20E+051 I 9.40E+03

_______ i - I I I II _ _ _ _ _ _ _ _ _ I I__ _ __ _ _ _

___JNote: Curies from decay daughter products nor included

______ |__________I I i Il __________I _ ______ I ________________

____________. _____ I I I I ____________ 1 ________

_________ _______ I _____ - ____ I I I ________ ______ I ________

_____________________ I __________ I I __________L _____________ I

__ __ __ I ___ __ I __ __ I I _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ __ _ _ _

__ __I _ _ I I _____ __ _ _ _ __ _ _ __ _ _ _ _ _

_____ I _ __ I _ __ _ _I __ __ _ I _ _ _ _ _ _

__ __ __ _I ______I I - i . _______ ______

__ __ __ __ __ _ I I ii I __ __ _ _ _ __ _

I I if _______

1/27/96 WSTLOAD.XLS HLW conc data for RadTran



HLW conc data for RadTran

Intermediate Separations New Base Case (1126/96)
i20 wt% waste oxide loading. 1.5 blending faccor

;Sensiiviry @ Sensiciviry@
!Base Case 15 wt% loading :40 wt% loading

Radionxcilde Inventory LHLW IHLW HLW
_____ ________ glass j gass ;glass

Ci/m-3 i C/m^3 1 jC/m-3
I Am-241 1 4.54E+001 3.41E+001 1 9.08E+001
IAm-243 1 1 1.45E-031 f 1.09E-031 1 2.91E-03
C-14 1 1 0.00E+001 1 Q.00E+00j 1 0.00SE-00

ICm-244 1 1 1 2.68E-031 I 2.01E-03! f 5.36E-031
_Cs-[35 6.81E-03; i 5.11E-03_ 1.36E-021
iCs-037 I 1.68E+03i I 1.26E+03| I 3.36E+031
11-129 1 0.00E+O0f I 0.OOE+001 _ 0.00E+0
IN-63 i 1.27E+0fl I 9.54E+00j I 2.54E+011

1 Np-237 j i I 3.00E-03 I 2.25E-031 I 5.99E-03
IPu-238 I I 5.00E-021 I 3.75E-021 I 9.99E-02
IPu-239 I1 1 L.18E4-00 I 8.86E-0 IF I 2.36E+001
fPu-240 I I . f 2.28E-01 1 1________I_ I 6.09E-011
IPu-241 I I 3.54E-001 I 2.66E+00f I 7.08E+001
IRa-226 I o.ooE+00 I o.OOE+00 0.00E+00
fRu-106 I I 1.73E-06 I 1.29E-061 I 3.45E-061
ISm-151 I 3.00E--oil 1 2.25E+01j I 5.99E+011
JSn-126 1 1 2.27E-02j | 1.70E-021 I 4.54E-021
fSr-90 II 2.54E+031 I 1.91E+031 I 5.09E+031
ITc-99 I 1 2.86E-O I 2.15E-011 I 5.72E-011
rTh-o230 I I I 1.86E-091 I 1.40E-091 I 3.72E-091
ftU-233 5.45E-07 I 4.09E-07| I 1.09E-061
U-234 I 9.54E-061 j 7.15E-061 I 1.91E-051
1U-235 1 1 9.54E-041 1 7.15E-041 1 1.91E-031

IU-238 I 2.18E-02 I 1.63E-021 I 4.36E-02
fZr-93 1 1 1.86E-011 I 1.40E-0I I 3.72E-01 I
Total (m3)3 1 2.07E+041I 2.76E +04 1 1.03E+04 .

Number of 0.62 m-3 canisters 1 3.34E+041 1 4.45E+041 1.67E+04.
Number of 0.62 m-3 can/HMPC I 1 4 f 41 1 41
Number of HMPCs 1 1 8347| 1 11129! 41731
Number of trips to the reposioryJg4j.. 8351 1 1113! 418!

Note: Cories from decay daughter products nor included I

I I II ___ ____ _ I____ ___ ___ ___

WSTLOAD.LS HLW conc data for RadTran
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HLW conc data for RadTran Jacobs En=it'dng Grouo

iExterisive Separations Datm Package values
Wore: dama package values modified by ECtN co Rev 0 d(L= vackage
iRadionuciide Inventory !HLW GWas LLW Glass

BZse Case (A-1) ;Base Case (A-LA)
CUM3 lCi/M3

IAm-241 2.09E+021 7.34E-04:
fAm-243 i 6.69E-02I 2.3JE-07
S0C-0 1E+OJ 0.00E+O0 I
\ Cm-244 \ 2-30E-011 I 4.56E-061 I

7Cs-935 .E-01 9.16E-07;
ICs-137 7.02E+04j 2.21E-011
11-129 _ o.ooE+00 0.00E+O
-Ni-63 8.47E+001 1.83E+00!

jNp-237 I I.4OE-011 I 1.87E-05 I
* Pu-238 2.15E+001 I 7.80E-051

iPu-239 1 i 1 5.25E+011 1.90E-03i
IPu-240 i 1.33E+di! j 4.84E-041
Pu-241 1 1.49E-02j I 5.41E-03i
Ra-226 5.40E-10| 7.20E-16 ,

IRu-106 7.58E-05| 1.01E-10 1
ISm-151 1 i 1.68E-03 I
ISn-126 1.251 1 1.67E-061 I
ISr-90 I 1.07E+05| 3.72E-021 I
jTc-99 6.43E+01f -.'_I 1.06E-03 f
!Th-230 7.80E-081 I 1.04E-131 I
I U-233 I 3.68E-081 5.19E-h
I U-234 6.76E-07 9.10E-l0

SU-35 1 1 6.57E-Ol 8.84E-081
U-2 38 1.53E-32.06-06 I _______

iZr-93 9.59E-021 2.68E-021
towa m3 _ 1 4961 1 1.47E+05

_ I _ I Isolid I

jNore: Curies from decay daughter products not included

I II_ _ _III_ _ _ _ _ _ _ _

_ _ _ _ _ I _ _ JI I _ _ _ _ _ _ _ I _ _ _ _ _ _ _ _

1/27/96 WSTLOAD.XLS HLW conc data for RadTran



ELW conc data for RadTrmn Jacobs Engineering GroLn

Extensive Separations alternative New Base Case (1/26/96)
20 w% waste oxide loading. 1.5 blending factor

Extensive Seoarations Data Package values

Radionuclide Inventory !HLW Glass
Base Case (A-1)

ICi/m3 I
tAm-241 I 1.06E+021
Am-243 1 3.41 E-021
C-I I 0.00E+00

iCm-244 j.17E-0 1-1
ICs-35 1.48E-011
JCs-137 I I 3.58E+04
1(-L29 I I 0.OOE+ 00i
I Ni-63 I I 4.31E+001
I Np-237 I I 7.13E-021
jPu-238 1 1 1 1.09E+00j
1 Pu-239 I I I 2.67E+011
I Pu-240 I I I 6.77E+001
1 Pu-241 I I 7.59E+011
Ra-226 I2.75E-Q
Ru-106 3.6E-051

ISm-lit 0.OOE+00
ISn-126 I I I 6.37E-0 I I
Sr-90 I I I 5.45E+04

ITc-99 I I I 3.27E+011
ITh-230 I I I 3.97E-081
u-23 I II 1.87E-081

IU-234 I I 3.44E-071
lU-2-35 1 1 3.35-O5
i U-2)38 1 j 7.79E-041
IZr-93 I I 4.88E-021
oal m3 I 9.74E+021

Number of 0.62 n-3 canisters 1 15711
Number of 0.62 m-3 can/HMPC 4 1
Number of HMPCs J j 3931 f
Number of trips to the repository j,) MiCo/..;I- 401

Note: Curies from decay daughter products not included

1/I7/96 WSTLOA.D.XLS HLW conc dam for RadTran
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HLW conc data for Radtran Jacobs Engineering Group

Phased Implementation alternative New Base Case (1/26196)
120 wt % waste oxide loading, 1.5 blending factor

*BaseCase
Radionuclide Inventory _ HLW

glass

IAm-241 I 5.01E+001 I
!Am-243 1 1.60E-031
JC-14 _ 0.00E+00
Cm-244 I 2.68E-031
Cs- 135 6.81E-031

iCs-137 1 L.68E+031
I-13 _ 0.E00 
INi-63 1 1.27E+011

|Np-237 3.00E-031
IPu-238 I 5.L5E-02_ _
I Pu-239 I 1.26E+00
1 Pu-240 I I 3.19E-0 I I
'Pu-241 I I 3.57E+001
[Ra-226 I 0.OOE+00 I I
IRu- 106 1 1 1.73E-061 1 I
jSm-151 1 - 3.00E + 011 I
fSn-126 I I 2.27E-021 I
Sr-90 1 1 256E+03
iTc-99 __ 1.54E+00_
)T-ro I I 1.86E-09 I

_ U-233 I I 5.45E-071 I I
IU-234 I I 9.54E-061 I
|U-235 1 1 9.54E-04I1

_. U-2I38 I I 2.18E-021 I
IZr-93 1 |1 1.86E-011
iTotal (m3)l 1 2.07E+04

NIumber of 0.62 m^ canisters 1 33386.30179- I

Number of 0.62 m-3 canisters I 333871
Number of 0.62 m-3 can/HMPC 4
Number of HMPCs 1 83471
Number of ips to the repository . . 8351

Note: Curies trnm decay danghr-r products not included

WSTLOAD.XLS HLW conc data for RadTran1/27/96



ELW cocc data for RadTran Jacobs Enernet-iag GrouD

Ex Situ / In Situ Combination Alternative New Base Case (1/26/96)
120 wc% waste oxide loading. 1.5 blending factor I

Radionuclide Inventory :HLW glass SeL Ret. Recovery
I fraccion

I I iCi/r^3 I I
Am-241 1 6.97E--00 7.67E-01

IAm-243 I 2.67E-03 9.20E-011
1C-14 I o.ooE+4-00 9.QOE-01
IC m-211 5.04E-031 9.40E-01
Cs-35 -1.16E-02 8.50E-O1!

jCs-L37 i i 1 2.96E+031 1 3.80E-011
-129 0.OOE+00 9.GOE-0lj1

iNi-63 I I 2.03E+O1f I 8.GOE-Oif
Np-237 I I S.58E-03 I 9.32E-0 I I

IPu-238 I I 3.97E-021 I 3.97E-0 I I
jPu-239 I ___ 1.48E+001 1 6.27E-0 I I
Pu-240 1 1 3.69E-0I I 6.07E-0 I

I Pu-241 1 | 4.01E+001I 5.65E-0lI
!Ra-226 I [0.00E+00 I 8.30E-011
_ Ru-106 I I 1.28E-061 I 3.70E-0 II
jSm-151 1 1 4.32E+01I I 7.20E-011
JSn-126 I | 3.32E-021 7.30E-0Il I
I S r-90 1 1 3.56E+031 7.OOE-01i
ITc-99 I i I 5.15E-01| 9.00E-0II
iTh-230 I I I 3.05E-091 8.20E-0I
IJU-233 I J 8.72E-071 8.QOE-0
I U-234 I I 154E-051 8.10E-011
IU-235 I 1 1 1.74E-03 910E-011
jU-238 1 I 3.92E-02 9.GOE-01
IZr-93 2.49E-01I 6.70E-0I
Total (m3)i 1.03E+04f

Number of 0.62 m^3 canisters 14 //,3
Number of 0.62 m-3 can/HMPC 41
Number of HMPCs 4174 I j_

Number of trips to the repository to 4f C - 4181 1 _

Note die combination alt. retrieval fraction is calculated from the % of SST and DST inventory |

recovered as follows: recovery fraction = (curies recovered from SSTs + Curies from DSTs)
divided by (total curies in the SSTs+coal curies in DSTs) ! I
The combination alternative volume of HLW glass is 1/2 of the Intermediate Separations i

Note: Curies from decay daughter poducs not included I _ _ :

1/27/96 WSTLOAD.XLS HLW conc damn for RadTran
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Extensive Separations

Assumptions: I I -

1. HLW glass waste oxide loading basis to be 20 wt% waste oxides (excluding Na2O and Si02)
2.'Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
not counting the SiO2 or the Na2O

_Input Stream I ILAW I I 3HLW I
STREAM 1 1 4071 437i 1 13141 1344
solids liquids I FRIT JGLASS IFRIT GLASS

Volume kilo-liters 5.84E+051 I
Specific Gravity I 1.21E+001
Cs and Ba, (MCi) 7.60E+00 6.72E+O1 6.86E-02 7.46E+01
Sr and Y, (MCi) 1.37E+02 1.41E+I 1.40E-02, 1.37E+02
Tc, (MCi) -5.9E-03 2.61E-02 1.53E-04 3.17E-02
Am, (MCi)
Np, (MCi)
Pu-239, (MCi)
Pu-240, (MCI)
Pu-241,(MCi)
Total TRU, (MCi) 1.92E-01 1.52E-02 I 1.20E-031 2.06E-01
Total MCI 1.45E+021 6.87E+01 I I 8.39E-02 2.12E+02
Total Mass Flow (MT) 2.37E+041 7.06E+051 I 2.65E+051 3.86E+051 8.73E+02] 1.32E+03
Total Cr, (MT)
Total Na, (MT)
Total Si, (MT)
Total P, (MT)

Total NO2-, (MT)
Total NO3-, (MT)
AG+ 1.38E+001 3.28E-01 I
AG20 I 4.07E-0 1! 1.43E+0
AL+3 I2.37E+031
AL203 I i I 1.16E+041 1.93E+04 1.94E+02
AL(OH)4- I 4.83E+031 I I _
AM+3 I 2.77E-021 2.51E-031 I - I
AM203 I3.41E-05 3.32E-02
APM- 3.44E-03
AS+5 4.98E-01 7.70E-01
AS205 4.33E-01! 1.51E+00
B+3 9.94E-01 5.19E-011 i
B203 1 4.82E+00 1.22E+021 1.22E+02
BA+2 3.09E+00 7.91E-011 I i 1
BAO I I I I I 8.76E-01 3.46E+00
BE+2 7.61E-031 8.19E-021 I I I I I
BEO 1 1 1 1 1 5.53E-021 1.93E-01
B1+3 1.96E+021 6.76E+011 I I I
B1203 1 1 1 1 1 2.90E+021 3. 3.45E+01
C14 4.53E-041 7.43E-04 I I
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Extensive Separations

CA+2 1.33E+021 1.67E+01!______________________

CANCRINITE I 2.70E+031 I___ i____I_________

CAO' I I I J3.84E+04f 3.86E+041 i 2.34E+00
CD+2 I 7.93E+001 2.09E+001 I :___ i
CDO I __________ I ____I_____I 1.13E+Ol11 I 1.26E-01
CE+3 2.35E+02 2.37E+001 I I
CE203 I .75E+02! I 3.40E+00
CL- I3.49E+0 1 3.19E+021 I I I

CO 11____I________
C02 9.25E-02 19E-
C03-2 2.25E+02 3.37E+032
CR+3 1.32E+021j____ .7±2 _____
CR203 2.67.97E+2 1.38E+00
CR(OH)4- 1.19E+02

CS+ _________ 9.25E-02i 8.19E-01 _ ____I_____ ______
CS20 8.85E-041 9.64E-01

CUO 2.7- I AE0II7h0 8.99E-01
CUS04I______ ____
F- J 5.97E+Of1 1.12E+031 ________ ___________ ___________

FGI

FE+3 J7.63E+02{ 1.44E +011 __________ __________

FE203 I_____ _____I___ ____ 3.74E+031 1 4.24E+01
H2 I _ _ _ __ _ _ _ _ _

H20 ___ _ 5.07E+05 _______ 2.11IE-041 I____ _______ .IOE-I-

HG2
HGO110+2 9.OOE-03j 9.49E-01( I___ ____II____

HI- 2.02E+01 5.46E+02 1  
____ .7+0

12 T
KI 2.10E+01I 2.19E-01 1 _________I_________

K20 ______________ ____I2.55E +011 2.34E-02
KEROSENE I ]
LA+3 2.10E+01 2.19E-01 I
LA203 t i2 2 2_ 2.46E+ 3.04E-0

Li 246E;o21 5.77E-031 ____ I I________________

L120 __I I___ I_____ 6.53E-021 _____I 1.32E+011 .2E0
MG__________ 1.10E+011 9.65E-0 11 1____J____ I I _____

MO I I_______ I 1.96E+011 _____ 2.20E-01
MNO2 I2.09E+021 2.17E+011j________ 2.31E +021 _____ 1.08E-01
MO+6 I 8.01E-011 4.87E+00 I
M003 I 1.03E+01j 9.24E-02
N2 I______I_____ _____I____ I I _ ____

NA+ 3.2E+031 6.26E+04 I I INA20 I ____I 9.65E+.041 2.40E+O11 6.59E+01
NH3 I ______I I_____ ____ ji _ ____

NI+3 I 6.57E+00! 4.07E +001 I________ I ______I i_____ I__________
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Extensive Separations

NI2FECN6 5.(OE+02j ______________________
N1203 II_____ ___I____ 2.62E+02! I 7 .82E+00G

MID 1._________ __ 06E-031 _____ 1.20E+00

N02

N02- I 7.38E+011 9.54E+031
N03- I 1.03E+03j 1.06E+051 I____ ____ __________

NP+4 I 1.32E-01j 1.46E-021 I____ _____ __________

NP02 I 6.5__ ________ ____ 2E-031 _________ 1.66E-01
02 1_ _ _ _ _ _ _ _.

OH- I6.80E+03J 4.64E+03j1 ____ ____I_____ __________

PB+4 3.28E+00 1.96E+001
PBO2 1.35E+00 4.71E+00
P04-3 I 2.39E+03 2.58E+03 ;9
P205 I I 3.68E+03 ]3.96EFOI
P205:24W - 5.21E-01 I
PU+4 I 4.27E-01| 2.88E-02 1
PUO2 5.42E-031 5.11E-01

SI+4 7.90E+01 5.65E+001
S102 72.1 216E+05J 7.13E+02 7.52E+02
S02
S03 I_____ ________ ____ 6.22E+03J_ ____ I_____j 1 .92E-03
S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO ____ 4.41E-03J 4.33E+01
TC02

7 C 0 4 - I 5 . 6 8 E - 0 1 2 . 5 2 E + O C 1 .1_2 2 .9 2 E + 0 0
TC20711E-02 2.92E+0
T102 I 3.16E-02J 3.51E-04
TOC 1.16E+02 1.42E+031
U02+2 I 1.58E+03j 8.52E _ ___ ____ _____ _____ __1__ ____

U3 I2.77E+00
U308 108E+00 1 15E-02
V+5 I 1.88E-Oi1 6.20E-021 I I____ ___________
V205 I I 9.92E-021 3.47E-01
W+6 I_____ 7.47E-011 I ____ I_____ ____ ____

W02 1I~ 19E-o6 2.26E-04
W03_ _ 1_ 2 _ _ _ _ _ ___ 7.3E-0

N+2 9.45E-01| 3.59E+0-1
ZNO I 3,17___ 4.31E-01
ZR+4 2.77E+021 4.48E-0:1 +
ZRO2 I I I 6.99E+02 8.55E+00
ZR02:2H2 I 4.09E+021 2.15E+1 J I I _____ ____
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Extensive Separations

Mass LAW waste oxides 121198.7871
LAW waste loading (waste oxides) 31%1
LAW waste loading (sodium oxide) I 25%j7
Mass HLW waste oxides 3.42E+02
HLW waste loading -T - 26%

HLW

10 wt. % waste oxide loadinj
Blending factor I 1 11 1.251 1.5j 21 3.5
Mass of glass required to achieve 20% wo loading, MT 1707.542191 2134.42773] 2561.3132781 3415.0843715976.397648
additional frit required (equals increased glass) MT I 3.88E+02 8.14E+02 1 .24E+031 2.10E+031 4.66E+03
total frit required, MT 1.26E+O3| 1.69E+03 2.11E+03 2.97E+031 5.53E+03

glass density (MT/m^3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (m^3) I 6.49E+021 8.12E+2 9.74E+021) 1.30E+031 2.27E+03
Canister Volume (m^3) 0.621 1 i I
Number of Canisters (lx) I _____1.05E-+03! 1.31E+03 1.57E+031 2.09E+03 3.67E+03
Nu. of Canisters /HMPC 41 1 1 1
Number of HMPCs I 2.62E+021 3.27E+02 3.93E+021 5.24E+02 9.16E+02
Number of trips @ 10 HMPCs /trip 1 261 33 391 52 92

Glass formulation:
(ref Ext. Sep Data Pkg.) jacceptable range 1 1.251 1.51 2 3.5

SiO2 42 to 57 wt % 1 62.58%j 66.39% 68.94%11 72.12%1 76.21%
B203 5 to 20 wt % 10.32% 11.06% 11.55%1 12.16%1 12.95%
Na20 5 to 20 wt %1 4.41% 4.4% 3.91% 3.62%I 3.25%
L120 1 to 7 wt % 1.11% 1.19%! 1.24% 1.31% 1.39%
Fe203 12 to 15 wt %I 1 2.48%1 0.00%j 0.00%1 0.00%1 0.00%
CaO |< or= 10 wt % 1 0.14%1 0.11% 0.09% 0.07% 0.04%
MgO |< or = 8 wt % J 0.01% 0.01% 0.01%| 0.01%) 0.00%
A1203 < or = 15 wt % 11.36%j 9.09%1 7.57%F 5.681 3.25%
ZrO2 f< or = 13 wt % 0.50%1 0.40%61 0.3351 0.25%1 0.14%

Cr203 < or = 0.5 wt % 0.08%1 0.06%1 0.05%J 0.04%1 0.02%

P205 f< or = 3 wt % 2.32%.1 1.86%.1 1.55%1 1.16%1 0.66%

S03 < or = 0.5 wt% 0.00%1 0.00% 0.00%j 0.00%j 0.00%

HLW Facility Sizin I
Schedule 14 yrs

Capacity MT/day 1

Overall efficiency, % 33% 42%1 50%1 67%1 117%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 0.56 0.7 0.841 1.111 1.95
Required operating duration yrs (assuming 1 MT/day, 60% OE) 9.751 11.701 15.591 27.29
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Extensive Separations

Extensive Separations

15 wt % waste oxide loading
Mass of glass required to achieve 15% wo loading MT I 2.28E+031 2.SSE+03 3.42E+03 4.55E+031 7.97E+03
Volume (m^3) I 8.66E+021 1.08E+031 1.30E+03 1.73E+031 3.03E+03
Number of Canisters (lx) I 1.40E+03J 1.75E+031 2.09E+03 2.79E+031 4.89E+03

40 wt % waste oxide loading
Mass of glass required to achieve 40% wo loading MT i 8.54E+02 1.07E+03 1.28E+03 1.71E+03 2.99E+03
Volume (m^3) 3.25E+02 4.06E+02 4.87E+02 6.49E+02 1.14E+03
Number of Canisters (lx) 5.24E+02 6.54E+02 7.85E+02 1.05E+03j 1.83E+03
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Extensive Separations

LARK

15 wt. % sodium oxide loadinI
Blending factor I I I I 11 1.25 1.5! 21 3.5
Mass of glass required to achieve 15% wo loading, MT 6.43E+051 8.04E+05 9.65E+051 1.29E+061 2.25E+06
additional frit required (equals increased glass) MT I 2.57E+051 4.18E+05 5.79E+051 9.01E+05| 1.87E+06
total frit required, MT 5.22E+051 6.83E+051 8.44E+05 1.17E+06J 2.13E+06

glass density (MT/m^3) 2.63
culler packing fraction 0.7

Waste volume (m^3) 3.49E+05 4.37E+05 5.24E+051 6.99E+05 1.22E+06

Number of 5300 m^3 vaults 66 82 99 132 231

LAW facility sizing
Schedule, years 19
Capacity MT/day 200

Overall efficiency, % j 46% 58% 70%1 93% 162%
Required capacity MT/day (assuming 19 yrs ops, 60% OE) 154.61 193.261 231.921 309.22 541.14
Required operating duration yrs (assuming 200 MT/day, 60% 14.69 18.36| 22.031 29.38 51.41

10 wt. % sodium oxide loadint
Blending factor 1 1.25 1.5j 2 3.5
Mass of glass required to achieve 10 9.65E+05 1.21E+06 1.45E+061 1.93E+06 3.38E+06

Waste volume, m^3 5.24E+05 6.55E+05 7.86E+051 1.05E+06 1.83E+06
Number of 5,300 m^3 vaults 99 124 148 198 346

_ _ _ __ _ _ __ _ _ _

25 %1. % sodium oxide loadina I I i I
Blending factor 1) 1.25 1.51 2  3.5
Mass of glass required to achive 25 wt % Na2O I 3.86E+05 4.83E+05 5.79E+051 7.72E+051 1.35E+06

Waste Volume 2.10E+05 2.62E+05[ 3.15E+051 4.19E+05 7.34E+05
Number of 5,300 m^3 vaults 1 40j 491 591 79 138
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Table F-8. Backup to Table 9-16. Process Modules: Overall Cost.

Radionuclide removal $2,778 $1,159 $126 $92 $728 $569 $282 $5,733
Central facilities $638 $638
LLW vitrification $749 $308 $224 $24 $193 $151 $268 $1917
LLW disposal $14 $14 $1 $9 $7 $190 $14 $248
HLW vitrification $672 $320 $28 $25 $201 $157 $282 $1,685
HLW transportation _ $3 $0 $2 $1 $6
HLW disposal 1 $11 $491 $502

Total $4,837 $1,803 $392 $143 $1,132 $885 $19C $11 $84( $491 $10,730

Note:

D&D - decontamination and decommissioning
HLW . high-level waste
LLW = low-level waste
R&D = Research and Development

'Start-up and operation materials and supplies are allocated based on operation labor.

2Decontamination and decommissioning materials and supplies are allocated based on construction cost.

00
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Table F-9. Backup to Table 9-18. Capital Costs (1995 Dollars).

2,b7tS,5tS6,UW 272,9U3,UUU 2,778,35U,UUU I

Notes:

' HLW - high-level waste
LLW = low-level waste

'Low-level waste vitrification (low source), Option 2A.

2High-level waste vitrification facility is combined with extensivo pretreatment.

jLabor

%0

Materials and supplies 479,276,000 Z02,194,000 98,837,000 147,518,000 748,665,000

Equipinent 1,088,477,000 117,735,000 381,972,000 251,358,000 . 671,779,000

Total 2,778,359,000 138,453,000 748,665,0000 671,779,000 4,837,256,000

C

1,21U,6UV3,UUU V18,324,UUU
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WHC-SD-WM-EV-100 Rev. 0

Table F-10a. Backup to Table 9-19. Operating Cost Component (Millions of 1995 Dollars)
Extensive Pretreatment, Annual Consumables for Extensive Pretreamnent with High-level

Vitrification Detached Low-Level Waste Vitrification-Option 2A. (2 sheets).

Glass Former
B $1,000 57,500 $57,500,000

Fe20 $500 14 $7,000

LiO2  $5,000 2,100 $10,500,00
Si2 $40 287,000 $11,480,000

MgO $500 41100 $2,050,000

CaO $60 4,100 $246,000
Nitric acid 50 percent (Mg) $160 465,000 $74,400,000

NaOH, 505 (Mg) $250 150,000 $37,500,000

Flocculant (Mg) $1,100 150 $165,000

Glycolic acid, 50 percent (Mg) $1,740 7,700 $13,398,000
Oxalic acid (Mg) $860 11,900 $10,234,000

Ammonia (Mg) $350 9,240 $3,234,000
Ion exchange media (m3) $10,600 4,910 $52,046,000
FeSA (Mg) $660 4,720 $3,115,200

Aluminum nitrate (Mg) $460 112 $51,520

CMPO (Mg) $6,530 5 $32,650
TBP (Mg) $6,530 755 $4,930,150
NPH (Mg) $440 703 $309,320
Sodium Carbonate (Mg) $170 180 $30,600
Crown ether (Mg) $6,530 284 $1,854,520
Formic acid, 96 percent (Mg) $1,210 1,470 $1,778,700
HF (Mg) $500 740 $370,000
Sodium oxalate (Mg) $500 20,900 $10,450,000
Sodium bicarbonate (Mg) $500 12,500 $6,250,000
Zinc nitrate (Mg) $500 47 $23,500
Na3 DTPA (Mg) $500 156 $98,000
APM (Mg) $500 10 $5,000
Hydroxylamine nitrate (Mg) $500 95 $47,500
DCPD (Mg) $150 4,480 $672,000
CPD (Mg) $150 4,480 $672,000
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WHC-SD-WM-EV-100 Rev. 0

Table F-10a. Backup to Table 9-19. Operating Cost Component (Millions of 1995 Dollars)
Extensive Pretreatment, Annual Consumables for.Extensive Pretreatment with High-level

Vitrification Detached Low-Level Waste Vitrification-Option 2A. (2 sheets).

Decontamination chemicals (Mg) 5401 14,000 $5,614,000
Sulfur (Mg) $370 170,100 $62,937,000
Grout powders (Mg) $100 0 so
Kerosene (Mg) $150 70,170 $10,525,500
Raw water (m3) $0.03 30,000,000 $900,000
Sanitary water ($) $0.03 1,100,000 $33,000
Electricity (MWh) $30 16,600,000 $498,000,000
Subtotal $881,460,160
Solid waste (M) $1,000 4,000 $4,000,000

Equipment (per year x 14 years) S28,000,000 14 $392,000,000
Vaults $5,000,000 38 $190,000,000
Canisters $10,000 448 $4,480,000
Containers $25,000 0 $0
Overpacks $60,000 112 $6,720,000
Subtotal $597,200,00
Total $1,478,660,160
Total minus equipment $1,086,660,160
Start-up costs (materials) $143,000,000
Decontamination and $1,132,000,000
decommirrssioning (material)

Total $2,753,660,160
Total minus equipment $2,361,660,160

Notes:
HLW - .high-level waste
LLW = low-level waste
m' - cubic meters
Mg = megagrams

Annual equipment purchase estimated by K. D. Boomer.
Pretreatment $ 9 million per year (size increase)
HLW vitrification $ 2 million per year (melter)
LLW vitrification = $ 16 million per year (Melter)
Sub-total $-27 mm per year
Miscellaneous= $ 1 million per year
Total = $28 million per year
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Table F-10B. Backup to Table 9-19. Operating Cost Component
(Millions of 1995 Dollars).

LLW vitrification 15 160 2,400 4.3E+06

HLW vitrification 15 160 2,400 4.3E+06

Indirect staffing 19 29 551 1.OE+06

Pretreatment start-up 1.5 626 939 1.7E+06

LW vitrification start-up 1.5 157 236 4.3E+05

HLW start-up 1.5 157 236 4.3E+05

Pretreatment
decontamination and
decommissioning 2 626 1,252 2.3E+06

LLW vitrification
decontamination and
decommissioning 2 157 314 5.7E+05

ELW decontamination and
decommissioning 2 157 314 5.7E+05

HLW monitoring and
maintenance 12 10 120 2.2E+05

HLW transportation - 30 30 5.4E+04

Total 3.3E+07

Notes:

HLW = high-level waste
LLW = low-level waste

All staff hours are based on a staff-year of 1,812 hours.
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EXTENSIVE SEPARATIONS PRETREAThENT ALTERNATIVE
ENGNEERING DATA PACKAGE FOR ThI

TANK WASTE REMIEDLATION SYSTEM
ENVIRONMENTAL IMPACT STATEMENT

G. Jansen
B. J. Knutson

G. K. Allen
Westinghouse Hanford Company

E@i R M

* C' )..

-. L. Lauerhass
Pacific Northwest Laboratory

ABSTRXCT

In accordance with the National Environmental Policy Act of 2969, an environmental impact

statement is required for disposal of the radioactive waste stored ih 177 underground storage

ranks at the Hanford Site.

This document is the engineering data package for the Extensive Separarions Pretreatment

alternarive. It includes waste treatment ooerarions that would take place between waste

retrieval and transfer and closure of single-shell tanks and double-shell ranks. The .purpose

of this alternative would be to process the tank wastes and to reduce the amount of high-level

waste to less than 625 cubic meters (equivalent to 1,000 glass canisters measuring 0.61

meters [m] diameter by 3.05 m long at 0.62 cubic meters each) and to reduce the curie

V
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Table 9-16. Process Module: Overall Cost (Millions of 1995 Dollars).

Radionuclide removal 56,098

Low-level wast vitdficarion 1,917

Low-level waste disposal 248

High-level waste vitdfication 1,685

High-level waste transportation' 7

High-level waste disposal 3,404

Centalized facilities -638

Total S13,997

Note:

'Cost for high-level waste trnsportation and disposal a: based upon 1000 canisters in 250 multi-
purpose canisters. .

'These cost results apply to the integrated combination of ILW Option 1 and LLW Option A
(Option 1A). This combinadon of cesium and strontium capsule overpacking and LLW glass is the
same combination of options as that assumed in the Tri-Party Agreement preftrred alternative.

For additional information, see Appendix F, and also Jansen, G.. 1995, Backup Infornaionfor
Daze Tables in £rs=rive Separarionr Alzernwive Engineering Data Package,
WHC-SD-WM-DP-129. Rev. 0, Weszinghouse Hanford Company. Richiand, Washington.

9-28
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Table 9-17. Overall Cost Component (Millions of 1995 Dollars). (2 sheets)

Capita 5 ,2 0 2

op_ r __n_ 4,5560

Research and development 946cy

Repository 7;-- 3,393f)

Total . S13,997

Notes:

'Total capital cost incLudes 40 percent coodagency. Contingency is excliaud frm ocher costs. Also
see Table 9-18 for addiioUSl explanation.

%wludes start-up, decon-amins&ion and decommissioning, and monitoring and maintenac costs for
process facilities. Does not include costs associated with routine tank farm operations (estimated at
S4,340 i1fion in 199S doflars). Also does not inclndc cos associated with TWRS program
management characzerizon, tank farm upgrades, single-shell tank saltwdll punping, and tank farm

Based on Tank Wane Rediation Syssen Incegraed Tednogy Plan WSC 1994). June 10, 1994
draft. The Reeach and Development costs depicted above are estimats based upon the pro ratio of
capital costs with the Tri-Panry Agrement Alternative

Tiable-D-S, TRW 1995, estimates the repository fee for the Extensive Separations Alternative
(Caae 3-5S}'wouId b&'S679 miulon lower than the -sd-aer d fpoeitory fac for Cas 1C, using the

y Liem Ufe Cycle Cost (TSLCC) model developed for the Office of Civilian Radioacuve
Waste Management. Jcrnformalommniczdoos with Mr. don Ntt of TRW on 513 195 and
7/13&95; anford's repdtoe S for Case ~C i estimated as follows:

Defense program share

Haford's abxe bae-ad on ratio of unber of Hanford waste

48.294 billion

- 15.7%

packages (2,465) to total defense program waste pacages
(4,588), from Table 2-4 of TRW 1995 53.7%

Hanford's shate of Case IC.
(S4&294 billion x 0.157 x 0-537) = $4.072_bihon

(W~ *~4~'Ks frt 100 c~,xk~ ~ f C( C.* -W

r*.r ~P C-
~~~7ut~~~ 114I ~,)cf v CA-t- Sc' .ti v-asA-etP&.k -e

41,01o- .373 i2,(W Lr
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Table 9-17. Overall Cost Component (Millons of 1995 Dollars). (2 sherts)

Notes: Continued

TRW, 1995, Arszment of Pre-Closure Sysrem Cn and Healrh and Sqfay mnpas of Hanford High-
Lewl Wane VWzfiarion Opdors on zhe Civilian Radloaciw Wane Managencrn Systen
ACYJXYX*X -01717-5707-00003, Rev. 0, TRW Eaviron-r- Safety Syscms, Inc., Viena, Virgini..

WEC, 1994, Tank Wane RAmnediaon System MuLi-Year Program Plan, WHC-SP-1101,
Wesinghouse Hanford Company, Richnad, Washington.

For addidional information, sw Appadix F, and also Jansi, G., 1995, Backup Informaxionfor Dara
* Tables in Ezersiw Separarions Akernatiw Engineering Daza Package, WHC-SD-WM-DP-129,

RCV. 0, W--6nghouse Hanford Company, Ricbnd, Washington.
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Table 9-18. Capital Cost Component (Millions of 1995 Dollars)2 .

Labor -2,225

Materials'and supplies 998

Equipment 1,682

Local purchases' 297

Total 55,202

Notes:

'Local purchases - 15 percent of materials and supplies are assumed to be local purcbases.

2Costs in this table reflect Option IA as described in Section 2.0. This includes construction of the
detached LLW vitrification facility and-vaults. However, it does not include filling of the vaults
with LLW glass/SPC. These costs amt includel 'n Table 9-19. Section 9.1 and Table 9-26 provide
additional capital costs for Option 2A for the Cs/Sr cut-up cell. Section 9.2 and Table 9-27 provide
the adjustments necessary to reflect capital costs for Option 23, as described in Section 2.0. Costs
of filling the grout tubes in Option 2B is covered in Table 9-19. Costs in this table also include a
rough order of magnitude estimate of 365 million dollars for caustic recycling and thermal
denitration. These process steps were not included in the original flowsheet upon which the detailed
cost esimate for the balance of the facility vms based (see Section 4.8.1).

For additional information, see Appendix F, and also Jansen, G., 1995, Backup Inforraionfor
Data Tables in Exeniwe Separazioni Aiernosiw Engineering Data Package,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Company. Richland, Washington.
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Table 9-19. Operating Cost Cornponent (Milhions of 1995 Dollars)'.
2~* A *W&~ ~ 4A~W ~ ~'$.~$~"W> j ~........................: 1

Labor 51,803

Mazerials and supplies 2  52,007

Euipmenr 5333

Local purchases . S413

Total s4,556

Notes:,

'Includes filing of low-level waste vaults for vitrified LLW (Option IA) as well as start-up,
decontamination and decommissioning, and monitoring and maintenance costs. For grouted LLW
(Option 2B3), operating costs would be higher (see Section 9.2 and Tables 9-27 and 9-28).

-ocal purchises are based on 15 percent of materials and supplies and equipment.

For additional information, see Appendix F, anti also Jansen, G., 1995, Backup Inforwion for
Darn Tables in Euensive Separations A4kernarive Engineering Data Package,
WHC-SD-WM-DP-129. Rev. 0, Westinghouse Hanford Company. Richland. Washington.

N

9-32



WHC-SD-'WM-EV-100 Rev. 0

Table 9-20. Overall Schedule.

Notes:

'See the rank Wase Renediaion Systen Faciy
pages 63 and 114.

Configuration Study (Boomer at al. 1994),

2See Boomer et al. 1994, pages 33, 63, and 114.

'Five years of decont-minarion and decommissioning assumed after completion of all processing
and vitrification.

'Based upon 1,000 czitemrs, 250 multi-purpose anisters; shipments to repository beginning in 2020
and ending in 2029 per canister pickup schedule in Table D-6, Case 3-5 SC, TRW 1995. (See
Table 9-7 for related information.)

bthe assumed constrction schedule and the 14 year facility operations schedule am highly optimistic
for the extensive separations alternative. There is considerably higher technical risk- for extensive
separations than for the other TWES-EIS alternatives evaluated. Consequently, there is higher
schedule risk associated with this alternative than with the other alternatives.

Boomer, K. D., I. M. Colby, T. W. Crawford, J. S. Garfield, C. E. Golberg, C. E. Leach.
D. E. Mitchell, F. D. Nankani, E. 1. Slaathaug, L. M. Swanson, T. L. Waldo, and C. M. Winkler.
1994, Tank Waste Renediaion Syen Facility Configuration Study, WHC-SD-WM-ES-295.
Westinghouse Hanford Company, Richland, Washington. See Appendix F also.

TRW. 1995, Assernent of Pre-Casure Systen Can and Health and Sqfery Impact of Hanford
High-Level Wase Virificasion Options on the Civilian Radioacive Waste Management System
AOOOOOOO-01717-5707-00003, Rev. 0, TRW Environmental Safety Systems. Inc., Vienna.
Virgin..

For additional information, see Appendix F, and also Jansen, G.. 1995, Backu Informationfor
Data Tables in Extersive Separations Akternazive Engineering Data Package,
WHC-SD-WM-DP-129. Rev. 0, Westinghouse Hanford Company, Richland. Washington.
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Operation 1/2004 - 9/2019M
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Table F-8. Backup to Table 9-16. Process Modules: Overall Cost.

Radionuclide removal $2,778 $1,159 $126 $92 $728 $569 $282 $5,733
Central facilities $638 $638
LLW vitrification $749 $308 $224 $24 $193 $151 $268 $1917
LLW disposal 1 $14 $14 $1 $9 $7 $190 $14 $248
HLW vitrification $672 $320 $28 $25 $201 $157 $282 $1,685
HLW transportation _ $3 $0 $2 $1 $6
HLW disposal $11 $491 $502
Total $4,837 $1,803 $392 $143 $1,132 $885 $19C $11 $84l $491 $10,730

Note:

=

=

=

deconlatnuation and decommdsaloning
hijh-level waste
low-level waste -

Research and Development

D&D
H LW
LLW
R&D

'Start-up and operation materials and supplies are allocated based on operation labor.

'Decontamination and decommissioning materials and supplies are allocated based on construction cost.

00
n

C"

C-



Table P-9. Backup to.Table 9-18. Capital Costs (1995 Dollars).

Labor -I1,210,606,000 318,524,000 2,678,586,000 272,903,000 2,778,350,000

Materials and supplies 419,276,000 102,194,000 98,837,000 147,518,000 748,665,000

Equipinent 1;088,477,000 117,735,000 381,972,000 251,358,000 671,779,000

Total 2,778,359,000 38,453,000 748,665,0000 671,779,000 4,837,256,000

Notes:

IILW - high-level wate
LLW - low-level wate

'Low-level wae viltrification (low source), Option 2A.

1 ligh-level wale vikrIication faellity Is combined with extesive pretreatment.

Fd

0)

I

t



WHC-SD-WM-EV-100 Rev. 0

Table F-10a. Backup to Table 9-19. Operating Cost Component (Millions of 1995 Dollars
Extensive Pretratment, Annual Consumables for Extensive Prrtment with High-level

Virification Detached Low-Level Waste Vitrication-Opion 2A. (2 sheets).

BV $1,000 57,500 $57,500,000

Fev $500 14 $7,000

LiO2  $5,000 2,100 510,500,00
Sio 2  $40 287,000 $11,480,000

MgO $500 4,100 S2,050,000

CaO .$60 4,100 $246,000

. Nitric acid 50 percent (Mg) $160 465,000 $74,400,000

NaOH, 505 (Mg) $250 150,000 $37,500,000

Flocculant (Mg) $1,100 150 S165,000
Glycolic acid, 50 percent (Mg) $1,740 7,700 $13,398,000
Oxalic acid (Mg) $860" 11,900 S10,234,000

Ammonia (Mg) $350 9,240 53,234,000
Ion exchange media (nm) 510,600 4,910 $52,046,000

FeSA (Mg) $660 4,720 $3,115,200

Aluminum nitrat (Mg) $460 112 $51,520

CMPO (Mg) S6,530 5 $32,650
TBP (Mg) $6,530 755 $4,930,150

NPH (Mg) S440 703 S309,320
Sodium Carbonate (Mg) $170 1 180 $30,600
Crown ether (Mg) $6,530 284 $1,854,520
Formic acid, 96 percent (Mg) $1,210 J 1,470 $1,778,700
HY (Mg) S500 740 $370,000
Sodium oxalate (Mg) $500 20,900 $10,450,000
Sodium bicarbonate (Mg) $500 12,500 $6,250,000
Zinc nitrate (Mg) $500 47 $23,500
Na? DTPA (Mg) $500 196 S98,000
APM (Mg) 500- 10 .5,000
Hydroxylamine nitrate (Mg) .S500 95 $47,500
DCPD (Mg) $150 4,480 $672,D0

CPD (Mg) $150 4,480 S672,000
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Table F-1k.. Backup to Table 9-19. Opeating Cost Component (Millions of 1995 Dollars)
Extensive Pretreatmient, Annual Consumables for.Extensive Preratnent with High-level

Vitrincation Detached Low-L.tvel Waste Vitrification-Option 2A. (2 sheets).

Decontaxintion chemicals (Mg) $401 14,000 $5,614,000
Sulfur (Mg) S370 170,100 $62,937,000

Grout powders (Mg) $100 0 so
Kerosene (Mg) 5150 70,170 $10,525,500
Raw water (M3) $0.03 30,000,000 $900,000
SaniTry water (n 3) $0.03 1,100,000 $33;000

Electiciry (MWh) S30 16,600,0D0 s498,000,000
Subtotal $881,460,160
Solid waste (m3) $1,000 4,W0 S4,0,00
Equipment (per year x 14 years){28,000,000 14

Vaults 155,000,000 38 $190,OW,000
Canisters $10,00U - 448 $4,480,000
Containers 525,000 0 so
Overpacks $60,000 112 $6,720,000
Subtoal $597,200,00

Total $1,478,660,160
Total minus equipment $1,086,660,160
Starn-up costs (materials) $143,000,000
Decontamination and $1,132,000,000
dewommissioning (niaterial)

Total S2,753,660,160
Total minus equipment 52,361,660,160

Notes:
HLW high-level wase
LLW = low-level wnste
=0 - cubic mets
Mg = Mcgagrtms

Annual equipment purchase estimated by K. D. Boor.
Prtnm-ct = 3 9 million per year (size inacase)
?LW vitrification = S 2 =mion per year (meiter)
LLW vitrification = 16 million per year (melter)
Sub-otal = S 2 7 mm per yegr
Miscellaneous = $ 1 million per year
Total = $28 million per year
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Table F-10B. Backup to Table 9-19. Operating Cost Component
(Millions of 1995 Dollars).

Extensive separations 15 620 9,300 1.7E+07

LLW vitification 15 160 2,400 4.3E+06

ELW vitrification 15 160 2,400 4.3E+06

Indirect staffing 19 29 551 1.OE+06

Pretreatment start-up 1.5 626 939 1.7E+06

LLWovtrification start-up 1.5 157 236 4.3E+05

HELW start-up 1.5 157 236 4.3E+05

Pretreatment
decontamination and
decommissioning 2 626 1,252 2.3E+06

LLW vitrification
decontamination and
decommissioning 2 157 314 5.7E+05

HLW decontamination and
decommissioning 2 157 314 5.7E-+05

HLW monitoring and
mantenance 12 10 120 2.2E+05

HLW aunsportation - 30 30 ' 5.4E+04

Total 3.3E+07

Notes:

HLW = high-level waste
LLW - low-level waste

AA staff hours ar based on a staff-year of 1,812 hours.

F-22
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Table F-JOC. Backup to Table 9-19.
(YMions of 1995

Operating Cost Component
Dollars).

Preatment 202 40 378 620 S63

ILWvitrificaton 52 10 98 160 S16

BLW vitricaton 52 10 98 160 S16

Total 306 60 574 940 595

Notes:

ILW
high-level waste
low-level waste

F-23.
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Table F-10D. Backup to Table 9-19. Opemting Cost Component

(Millions of 1995 Dollars).

Extensive separations 5940

LLW vitrification $243

BLW vitrification $243

Indirect stffing' 33

Priretmeant start-up2  S94

LLW vitification start-up S24

HLW stan-up2  $24

Pretreatment decontamination and decommissioning3  $125

LLW vitrification decontamination and decommissioning3 S32

1LW decontamination and decommissioning S32

HLW monitoring and maintenance -8

ELW transportations $3

Total $1,803

Notes:

'For indixrt staffng, it was issumed that &1U workers would be noexempL

'The total =art-up cost for Lcb facility is arbitrauily set to the annual staffing requirements. These start-
up requinmeats have been set to 1 1/2 years of the annual. This leaves I 1/2 years of staff cost ($95
million + $24 mMion + $24 milion = $143 mnion) for start-up materials and supplies.

($63 million x 1.5 y-m = $95 million) (S16 million x 1.5 yrs $ 24 million) ($16 million x 1-5 ym
$24 million).

3Deconamination and deommissioning for each fcility is arbitarily set equal to three years of staff cost

plus thiy peen of the total capital cost minus the contingency. The saffing requiremets have been
set to two years of the annual. This leaves one year of staff cost ($63 million + $16 million + $16
million - $95 million) plus thirty perent of the capital for material and supplies.

The total capital is equal to the capital plus a forty percent coatingency; therefore, the capital value to be
used for the decontamintion and decommisioning cost for mateials and supplies is equal to:
Capital $4,837 milina per 140 pcvcnt $ S3,455 minon

The cost based upon the capital would be as follows: capital decontamination and decommissioning =
S3,455 million x 30 percent = $1,037 million. Thus, the total decontamination and decommissioning
cost for marials and supplies is set to $1,132 milion.

4,

F-24
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Table F-1OD. Backup to Table 9-19. Operating Cost Component
(Millions of 1995 Dollars).

Notes (continued):

'For roaitoring and mancnce the following ws asulme& =empt would be 10 percent. bargaining
unit 10 perc=, and nonexept 80 percent.

'For BLW trnsporton, the following vms awzmed: exem:pt would be 36 percent, bargaining twit 36
percv4 and nonexempt 28 perct.

All expt and bargaining unit employees a= zmed to be mation workers. All noncxempt
employees a= nourndion workers.

-
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Table F-11. Backup to Table 9-20. Overall Schedule.

Construction

Facility
Configuration

Option Start Finish Study

Pretreatment + BLW vitrification July 2001 December 2006 page 114
Standalone LLW vitrification December 1997 July 2005 page 63
Overall December 1997 December 2006

Operntibn

Pretreatment January 2004 January 2018 pages 114, 33
BLIP vitriflaation March 2005 March 2019 pages 114, 33
LLW vitrification September 2005 September 2019 pages 63, 33
Overall January 2004 September 2019

Decontamination and decommissioning for all facilities is assumed to start after the
completion of process duration, that is, 5 years.

October 2019 October 2024

Monitoring and maintenance is for 3LW canisters.

Monitoring and maintenance is assumed to start with the completion of HLW vitrification.

Monitoring and maintenance is assumed to finish when the last multi-purpose canisters is

shipped to the repository.

Shipments to the repository start in 20351.

Based on discussions with K. D. Boomer, 1,000 canisters are assumed, 250 multi-purpose
canisters.

10 multi-purpose canisters would be transported per week (Slaathaug 1995, Table 9-7,
footnote 5).

Duration of shipments = 250 multi-purpose canistcrs/10 = 25 weeks.

March 2019 September 2035 'page 151

Research and Development

1995 2018

Notes:

HLW = high-levcl waste
LLW = low-level wae

F-26
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lZro9seO OGIC

Phn seI Phase 2 Tol
Cost CLmnninttI

Currenl Optrndluns j $4,9o0 - $3.10I840
Transfer Sysc11 UpgratdILs(ln current ops)
ltesclrcll nd Development j

Ws ltclrlevl and Trunsfer $190
Tiuenitl $0

Total (&_ $ $190 $

Capfla
Waste iterlevl iaid runsfer $2,280
Trenlnwut $1,425 t 21a) 0
Clusure $41 $170

'itil CniIlnI Coils $1.466 '11.10 ____

Wati luljny.I ai Tairt $3,990
cal'uuwd O1s. Vst acuiw paik-
Ticaimnt $1,500

Tolul Operling Costs $1,500

lItelosloryvce - - (I 1L0c0

Still TolI $7,866
Tuiil Cost

= 4

= 4 (Swo

.$tgo ~po

lihsis/Assum ptI nls
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Closure samue its Internediie Separations

ix Silu Ii SeparnllIons red. fur shorter ups period 5% reduction for ilprovenioul
jxicnded ops of pj)sIt I plaits reduced IIy 15% for iu slurlup, oither efliciencles luike

Phase 2 Irtalment = ex situ purion of Combiniullon all efficiency improved

Same is itermedinat Separations

K
-I

iyc(9k -Z?
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To'tal Operatling Costs
liepository Costs

Tol i Cost (gullilons)
-C-
(

2,d

ALTCOST.XLSPhased imomrweiii.r., 17..

9 -;t,94



J EJACOBS ENGINEERING GROUP INC

DATE SUBJECT

C _9- H KCD.

SHEET NO.

JOB NO.

-- -WE &- -5 ~ ;iCS~",

n ~ asr- +-w

___r_ ~' oA C- -U--
_______T - y__c/oo~ l- W

ViIi

__ _ _ _ _ _Ip I i ' l

I 7 Ir s c-ksC>2

IL~-/- 'p K

IFe- s t cW

I 

I

S9d- 

I1

I



I~n .*..---. ....- -

........................ .........

7 1a',- II --. ---.- ,----.-.--. -

44:

S L--- 

-y M
r I

>--

-. .- . I

I~'T

V

m

P 
N

0

I0

z
C)

0-,
'U
0
C-u

C)

U)
C
U)
C-

ov,>Z~

4?
V

'-S

"WV 3
Ox

0* z
p

VA
F'



J E JACOBS ENGINEERING GROUP INC
DATE SUBJECT SHEET NO.

B HKD JOB NO.

_ I

t -

- k

S~~c- L I_ __ _

-_2 bL___ c e6 1 c tf

I I ____
I-i I r~-i,~

- I -
III LI!

- ____I I §~Z3~o.~s?; 3D c15
- t I I I I'~iI J. I Iii I - -

II I I I
- I I - I

- . - F-'' ~I * J ___
_________ 1~; ___ II! ___ F

______________________ ____________ *~ -~ ________ ______________________________,~ ii _________________

__________ - i. ~,. j __
_____________________________ I _____ {I

___________________________________ II: _________________________________________ ___________

I -

___ Ii

I II
- I -

* I - .

FORM -- .x .4.-- /.?. --



....... . jLU .Mi.. z/ /w s

... ~ ......... ...

LZZOIL~~2QZ _____t C&oIA l~~
- -rk. -ti A d 2 -At

Cjom 6.L ir_-zo-A

tRz&_ tat zoceotxo' - zodsA

- &t . C il_.4 ._ O .. ___Qc ..L ~ _.D____.____

'C ot __ __ _ _ _ _ _ _TA_ _ __s_ _

> nA ,I. .4U I seA e _

t 4A-

se-job a_4 9_m 9 ar -T --

. . .. . .,..



4J!

I I

_72

I I I 4



r

_L -.. ......

-7 yrs t 6- dc -T 
__ I

- -U d.Qrs.&r 4 //.c.P..

- i~O- ftL6

~ ZJLj~LCe~cmB~hn mot/ 4

t/.A~zSJ4X~z73oc~g/~oz44 ~ ___



Assumpcion:IIIIII
1. Phaued Implemenauion Sep~amn and TreamenE is similar to fntermediate Scparaiom s
except tlhe sepanuions for Sr. Tc. and TRU clemens wre makcn from Extensive Scp~arns I
2. HLW ginss watc oxide loading basis to be 20 wt% wwste oxides
noa counting the N 10 or Si02 in the wase ited streun I
3. Using the WHC engincering d=t package aerial balance calculate the wxsc oxide load ngI
and adjust mass of chc gl=s produced to achieve a 20 wt % wasue oxide loading
|4. LAW gims sodium oxide loading basis is Eo be15 %

Inaput Scr LAW i JHLW
ISTREAM I1 4071 4371 3t4l 3441
Isolids Iliquids FRrT 1GLASS FRIT IGLASS I HLW

Volume kila-licers I fraccion

Cs wd 31.(Mlv[CI) 1 5.28E+00 6.28E+Olf 6.81E3-011 6.74E+011 0.99
Sc and Y. (MCi) 1.05E+02| 2.IOE+0 L.07E+00 1.6+ - 0.99
Tc. (MCO) 5.89E-03[ 2.61E021 3.20E.04 3.17E-021 i 0.99
Am. (MCO) , .1-2 .1-3L4-03 1 103E-Ot| 1 0.99
Np. (MCi) 9.29E-05 1.03E4051 1.03E-6 i, 1.02E.041 1 0.99
PU-239. (mc) 2.47E-02 1.67E-031 .64E-04 I 2.61E-021 ; 0.99
Pu-240. (%tCi) 6.2SE-03 44E4 6.69-05 I 6.63E-031 1 0.99
Pu-24j.(MC-) 7.34E-2) I.49E-03 7.49E-04 7.41E3-02) o .99
ToWi TRU. (MCi) 2.00E-01 1.226-02 2.12E-0 2.10E-01| 0.9
TOMIl Mai L11E+021 6.49E+01 1.76E+001 L.74E+021 1 0.99
,ToWa Mwss Flow (,M 1.94E+04| 7.10E +05 2.81E+051 3.87E1+05 1 136E+041 2.51E3+04
Tow lCr. (MT) 1.32E+02| 5.15E+01 1.44E+2 3.96E+01

Totl a,(1. 24E+03) 6.51E+04 7.18E+041 2.3E+03

Total Si.(OM) 5.24E+02| -5.65E+00 I.Cr7E+051 L.07E+051 5.19E+031 5.83E+03
Tomli P. (NT) 7. 0+02{ 8.42E+02 1.35E+03 2.72E+02I
Total N02-. (MT) 7.38E+01| 9.54E+03
Toma N03-. (MT) I L1.3E+031 1.06E+05
AG+ 1.38E+001 3.28E-01 l
AG20 I 1 3.52E-01 1.48E+00
AL+3 2.37E+031 1
ALI-03 1.32E+041 1.94E+04 1.73E+031 .
AL(OR)4- 4.83E+03
AM+3 2.77E-0I '-.51E-03
AM203 I2.76E-03 3.05E- I
AS+5 4.98E-01 7.70E-01II I
AS205 1.L18E3+00 7.66E-01I
B+3 9.94E-01 5.19E-01I I
B203 1.67E+001 I175E+031 L.76E+031
BA+2 3.09E+00 7.91E-01IIII I
SAO - 8.81E-01 I3.45E+00f
BE+2 .7.61E-03 8.19E-02,
BEO 2.27E-01 2.16E.021BI+3 1.96E+02 6.76E+01 i
B1203 7.52E+01 2.9+2

C14 4.53E3-04 7.43E-04
CA+2 1.33E+02 1.67E+01-
CANCRINITE 2.70E+03
CAO I3.87E+041 3.87E+G4 I 189E+021
CD+2 7.93E3+00 2.09E+00 IIII I
CDO 2.38E+00 I9.06E+00
CE+3 2.35E+021 2.37E3+001
CE-103 I2.79E+00 i2.76E+021
CL- 3.49E+001 3.1E+O-d i
CL2
CO
C02 t
'C03- 2.2SE+O-d 3.37E+03i
CR+3 1.32E+021

ICR-203 1.1E0 5.79E+Oli
ICR(OH)4- 1.19E1+021
jCS+ 9.25E-021 8.19E-011

b -
Phased frplemeruadiot
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Phased implementation

,W03 I 9.40E-0 tI I ZM.0E-031
ZN+2 9.45E-01! 3.59E+001 I I 11I
ZNO 1 1 4.46E+00 I.19E+00
ZR+4 2.77E+02' 4.48E-01) - i i. i
ZRO2 I I j 6.49E-01 I I 6.90E+021
ZR0221H2 4.09E+021 2.15E+ 01 i I

Mass LAW waste oxides 1 106542.36961
LAW waste leading (,vastc oxide) 1 28%
LAW waste loading (sodium oxide) 25%
Mass HLW waste oxides I I 7.26E+03
HLW waste loading (waste oxides) 29%

20 w. % wate nvide loading
Blending factor1.25 1.5 2 3
Mass of glass required to achieve 20% wo loading. MT 36304.939051 45381.17381 54457.40858 72609.8781 127067.2867
additional frit required(equals increased glass) MT 1.12E+04F 2.03E+041 2.94E+04 4.75E+04 1.02E+05
total frit required. MT . 2.48E+041 3.39E+04f 4.30E+041 6.11E+04 1.16E+05

glass density (MT/m-3) 1 2.631
cullect packing fraction 0.71(LAW only)

Waste volume (M-3) 1.38E+04 1.73E+04 2.07E+041 2.76E+041 4.83E+04
Canister Volume (m-3) 0.62 i i
Number of Canisters (Ix) 2.23E+04 2.78E+04 3.34E+04 4.45E+04 7.79E+04
Nu. of Canisters /HMPC 4 1 1 1
Number of HMPCs 5.57E+03 6.96E+03 8.352+03 1.11E+04 1.95E+04
Number of trips 0 10 HMPCs /trip 57 696 835 1113 1948

(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.31 21 3.5

SiO2 42 to 57 w % 60.08%j 64.68% 67.75% 71.59% 76.52%
B203 5I2w % 8.82% 9.63% 10.177. 10.84%f 11.717
Na0 |5 to 20 %8.65%1 6.92% 5.77% 432% 2.47%
U.20 _t7w% 2.52.1 2.75. 2.91% 3.10% 3 .
F203 _2to 15 wt % 3.33%I 0.00% 0.00. 0.00% 0.00%
Cao _< or- 10 wc 9. 0.52%I 0.42% 0.35% 0.26% 0.15%
MgO < or - 8 vt I 0.05% 0.04% 0.03% 0.03%| 0.01%
A1203 i < or - 15 w % 4.77% 3.81%, 3.18% 2.38% 1.36%
ZrO2 < or - 13 wt % 1.90%j 1.52%j 1.27% o.95% 0.54%
Cr203 < r 0.16% 0.13% 0.11% 0.08% 0.05
P205 < _____ _ 30 _ 1.71% 1.379.1 1.14% 0.865' 0.49%
S03 < of 0.5 wt %I-

Schedule 14 1 UL I\\ |/..rt'.k 9h F

Masie of gase r urdto a load ing MT 60 OE) 10 . 26 2.4 9.682+0 I
Mass of glass required co achieve 15% wo loading XT 4.94E+04| 6.OSE+04T 7.20 9.68E+4 .9E+
Volume(m"3) 1.84E+041 2.30E+04 2.76E+04 3.68+04 6.44E+041
Number of C s )2.97E+041 3.71E+04 4.45E+04 5.94E+04 1.04E

40 wt % waste oxide loading I _ | |

Mass of glass required to achieve 40% wo loading MT 1.82E+041 2,27E+04 2.72E+041 3.63E+041 6.35E+041 ,

Volume (m3) as cullet I I 6.90E+031 8.63E+031 1.04E+041 1.38E+041 2.42E+04 I
NumberofCanisters(lx) 1.11E+041 1.39E+041 1.67E+041 2.23E+041 3.90E+041 1

Page 3



Phased implementation

S 1. % sodinm omide toadino-
Btending faccor I 1 1.2S 1.51 21 3.51
Mass of glass required to achieve 15% wo loading. NIT I 6.45E+051 8.07E+05 9.68E+05 l.29E+061 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87EI5 I.0lE+06 1.98E+061
total frit required. MT 6.45E+05 8.07E+051 9.68E+05 L.29E+061 2.26E+06

glass density (MT/m3) 2.631
cullet packing fraction 0.71 1 1 1 i

Waste volume (m3) j_ _3.51_E3+05f 4.38E+05 5.26E+05 7.01E+051 1.23E+061

Number of 5300 m-3 vaults 66 83 99 1321 231l

LAW facility sizing
Schedule, y' 14 -
Capacty MT/day o200

Overall efficiency. % 63% 79% 95%] 126%1 221%1
Required capacity MT/day (assuming 14 yn ops. 60% OE) 210.48 263.10 315.721 420.96 736.681
Required operating duration yrs (assuming 200 NIT/day. 60% OE) 14.73[ 18.421 22.101 29.471 51.571

10 wt. % sodi'm odde toadin I I I I I
Blending factor J2 3.5
Mass of Slass required to achieve 10 968000 19360001 3388000

T I
Waste volume. m^3 j 525801.195 1051602.39 1840304.183
Number of 5.300 m^3 vaults 99 1981 3471

1S wt. % sodium aside Inadin -7
Blending faccor 121 3.5
Mass of glass required to achive 25 wt % Na2O 387200 774400 1355200

Waste Volume 210320.478 1 420640.9561 736121.673
Number of 5.300 m^3 vaults 40 79 139

Page 4
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Subject: New Ex Situ/In Situ Combination alternative (JiiniKCombo)

Assumptions
1. Selection process for identifying tanks for ex situ processing results in retrieval of the waste from 23
tanks and filling and capping 154 tanks.
2. Based on the tanks identified and the Dec. 1995 waste status report, the volume of waste in the 23
tanks is 14.8 million gallons out of a total 56 million gallon inventory in all 177 tanks.
3. Use the Ex Situ Intermediate Separations alternative process and waste loading. The Ex Situ Int, Sep.
Alt produces: 54,400 mt HLW @ 20 wt. % waste oxide loading (less Si & Na) at a blending factor of 1.5,
8.07E+05 rut LAW @ 15 wt. %Na2O loading at a blending factor of 1.25.
4. The amount of HLW and LAW produced by the Junior Combo alternative can be determined using a
ratio of the inventory volumes to be processed (14.8 Mgal/56 Mgal = .26). Therefore, the volume of
BLW and LAW produced for the Junior Combo would be:

HLW = 0.26 x 54,400 rut HLW = 14,140 mt HLW
LAW = 0.26 x 8.07E+05 mt LAW = 210,000 mt LAW

5. Scheddle assumptions based on TPA milestones and Phased Implementation are:
Start up= 2002-2003.5 (1.5 years)
Phase 1 Operations = 2003.5-2011 (7.5 years)
Upgrades = 2011-2013 (2 years)
Phase 2 Operations

LAW= 2013-2024 (11 years)
HLW =2013-2028 (15 years)

6. Assume the Phase 1 treatment facilities would be the same as the Phased Implementation alternative:
HLW =1 mt/day
LAW= 20 mt/day x 2 plants = 40 mt/day

7. Operating efficiency
Phase 1 = 60 percent
Phase 2 = 70 percent

8. The Phase 1 treatment facilities would be upgraded following Phase 1 to increase capacity as required
to increase the capacity and operating efficiency for Phase 2. No new plants would be constructed for
Phase 2 processing.
9. Assume separations processes ar 1/3 of the way between Intermediate Separations and Extensive
Separations (same assumption as Phased Implementation)
10. The number of HLW canisters for disposal would be 1/3 of the Intermediate Separations alternative.

Calculations:
1. Phase I production:

LAW = 40 mt/day x 0.6 (OE) x 365 day/yr x 7.5 yr.= 65,700 rut LAW
HLW = 1 mt/day x 0.6 (OE) x 365 day/yr x 7.5 yr = 1,640 rut HLW

2. Phase 2 production would then need to produce:
LAW= 210,000 mt LAW - 65,700 mt = 144,300 mt LAW
HLW = 14,140 mt - 1,640 rut = 12,500 rut HLW

3. Phase 2 treatment facilities must then be sized to produce:
LAW = 144,300 mt/(0.7x365day/yr x 11 yr) = 51.3 -52 mt/day (or 26 mt/day per LAW plant)
HLW = 12,500 mt/(0.7 x 365 day/yr x 15 yr) = 3.2 -4 mt/day

4. HLW disposal requirement:
Number of canisters to be disposed of= 1/3 x 33,400 = 8,700 canisters @0.62 m3

5. Waste Retrieval and Transfer requirements:



(I I-

This alternative retrieves 26% of the total waste volume from 13% of the tanks which include 11 SSTs
and 12 DSTs.

Therefore by tank type would retrieve wastes from 11/149 = 7.4 % of the SSTs, and 12/28 = 43% of the
DSTs.

Based on WR&T backup to table 5-13:
SST (w/o subsurface barriers):

Capital = 1,857
Op Staff hrs =50,148,578
Op Cost = 3,965
M&M Cost =0
R&D Cost = 135
Total Cost=5,957 million 1995

DST
Capital = 964
Ops Staff Hrs= 9,513,418 hrs
Ops Cost = 752
M&M =0
R&D = 48
Total Cost= 1,764 million 1995

R&D = 135+48 =183 million , shouldn't change

From the WR&T data pkg. labor is 85% of the cost of retrieval , therefore, operating cost equals scaled
labor + 15% to account for materials and supplies.
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Stein, David

'From: Stein, David
To: Henderson, Colin
Subject: RE: New Alternative
Date: Thursday, February 15, 1996 2:42PM

Following is the cost summary for the new alternative (Junior Combo), cost uncertainty to follow Friday morning:

Current Operations $8,600
R&D 183
Capital

In Situ Fill & Cap 23
WR&T 970
Treatment 2,303

* Closure 125
Total 3,421

Operating
In Situ Fill & Cap 219
WR&T 952
Treatment 2,956
Total 4,127

Repository Fee 4,000

Total Cost $20,331 million

From: Henderson, Colin
To: Stein, David
Subject: New Alternative
Date: Wednesday, February 14,1996 9:43AM

Dave,
Attached is the write up for the new combination alternative that is supposed to go into Chapt. 3 of the EIS.
Please check assumptions and calcs, develop a new estimated cost and run the cost uncertainty model to get a
cost range. The uncertainty inputs should be similar to the current combination alternative?

Thanks, Colin

<<File Attachment: JUNIOR.DOC>>
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Ex Situ alternative comparison

Waste Blending Canister Count (HLW) or, Canister Size Overall Duration of Trips to Repository Trips to Repository
Loading Factor Number of LAW Vaults Vault Size Processing Plant Operations 10 rail cars/train 10 rail cars/train
weight % (m3) Efficiency (years) 2 can/HMPC 4 can/IMPC

No Separations(sbke-I( _ _ I-A
I WHC Data Pkg. 30% 1 21400 i' ) 10 36% 14 2140

Proposed DEIS 20% 1.5 587426 0.62 / 60% 15 29371 14686
Intermediate Separations

HILW
WHC Data Pkg. 45% _ 1 / iYI7) 6800 1.26 25% 14 340 170
Proposed DEIS 20%. 1.5 3338 0.62 - 60% 12 1669 835

LAW ____ ____________

CData Pkg 25% / 1 40 5300 ' 36% 14 _

Proposed DEIS 157 1.25 83 5300 ' 60% 19
Extensive Separations

H LW \,oi" stltt __________._________)___

WI-IC Data Pkg. 34% 1 HLir 502 - 0.62 ' 26% 14 25 13
Proposed DEIS 20% 1.5 1571 0.62 v 50% 14 79 . 39

LAW V '"dA", 
0 500W-HC Data Pkg. .25% 40 5300' 36% 19

Proposed DEIS 15% 1.25 83 5300 ' 60% 19 -1

l 0 ot .2-C,

t'Vorre a
LOQ- 3 33&t- co.-' dp%(

-D

WSTLOAD.XLS short summary

4'

1/27/96 Page I
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DEqREES of OprIMIS ANd PSSMkISM

EXPENSE ELEMENTS
Absolute 0%

Extreme 5%10O%,i5%
Possimism

Moderale 20%,25%,30%

Slight 35%,40%,45%

Amblvalonce 50%

Slight 55%,60%.85%

Modorate 70%,75%,80%
Optimism

Extreme 05%,90%,95%

Absolute 100%

The Range'

A range of possible values is specified for each critical
element in the plan. The range is determined by speci-
fying the lowest and highest va ues tha cntical ele-
ment can assume. These lowest and highest values

tso tar apart that there is greater than a 98%
probability that the actual value of the critical element
will materialize within the resulting range. Specifi-
cally, the "lowest" value is set so low that there is less
than 1 chance in 100 that the actual value will be any
lower; similarly, the "highest" value is set so high that
there is less "than a 1% probability that the actual
value will be any higher. Thinking of it another way,
the odds tre about 99 to 1 against the actual value
being lower than the lowest value. Also, the odds are
about 99 to 1 against the actual value being higher
than the highest value. Qualitatively speaking, the
lowest and highest values are set far enough out such
that they capture the "rather improbable" but not the
"slightly absurd." Quite obviously, if there is substan-

/
tial uncertainty about the actual value of the critical
element, its range will be quite broad. Conversely, n
lesser degree of uncertainty will be reflected as a nar-
rower range for the critical element.

ROFIT EEMENT S
Absolute 100%

Extreme 95%, 0%,gfi%
Pessimism

oderao 7 ,75%.80%

ht 55%,60%,05%

Amblvalonce 50%

Ight S%,40%,45%

Moderat 20 25%,f30%

Extreme 5%,10 15%

Absolute 0%

Some people have difficulty with the idea of supplying
a range; some even claim that the range is nothing
more than a lot of guesswork. But that's precisely why
the range is valuable in decision-making; it involves a
]Qd of educated guessing by qualified people. On the
other hand, the single-point value involves only a little
guessing -- so little, in fact, that it can lead to serious
errors in decision-making. There is nothing wrong
with guessing. Nobel prizes have been awarded for
shrewd guessing! Put another way: with the range,
the decision-maker will be approximately correct; with
the traditional single-point value, exactly wrong!

Concepts
Concepts

NOTE: The lowest and highest values are completely indepen-
dent of the probability factor. It is quite possible that a given
critical element could have a fairly small difference between its
target and lowest value and yet have a high probability of its
actual value materializing in that narrow part of the range.
Examples of this often occur in expense elements where it is
not unusual to have a very small chance of the actual exceed-
ing the target but, if it does, the amount by which it can exceed
it is very large. Such a range is said to be "highly skewed."



February 8, 1996

To: Mark Nelson/David Stein

From: Larry Selby

Subject: Review of REP-PC Risk Analyses

I have reviewed the input of the ten remediation scenarios and generally find them
within reasonable ranges. I changed the input of one of the more complicated senarios,,-
generally widening the spread between low and high, (usually by increasing the high end). -

The results were reasonably close (within about 5 %) which pretty much verifies the
suitability of the variables as entered in the program. Certainly the target estimate
numbers are not within an accuracy of 5% of total cost at the Order of Magnitude level
of the estimates. At this point, very little is to be gained by changing the model and re-
running the program.

I would recommend that at some appropriate future time a group of 4 to 6 individuals,
most familiar with each of the processes meet, and re-evaluate the entries used in
developing the model and then re-run the program. One of these individuals should be -
one of the estimating team who is familiar the the details of how the estimate (target -

amount ) was developed. Additionally, the smaller items should be dropped, as they tend
to distort the results, although they would not affect the actual total cost. I would also
warn to resist the temptation to group the small items and treat them as a single item to
make the arithmetic appear correct. This also distorts the results. Having used this
program a number of times over the past few years I have found that we are frequently too
optimistic in entering the highest cost. This number should be the cost that the group is
99% certain cannot or will not be exceeded by even the worst of circumstances. I would
also recommend that at the Order of Magnitude estimate level, the contingency applied by
the estimator should be considered as a real cost and not considered in arriving at the " - =
highest possible cost. More often than not that contingency is required in progressing to~
estimates prepared from detailed design documents.



REP/PC (Ver 4.0) - MGMT REPORT 1

DATA : ExSitu Exten. Case 01
MODEL : BASIC MODEL (SUMMATION)

NaM ELEMENT

1
2
3
4
5
6
7
8
9

10

UNIT TARGET PROB4

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
capital closure
Operations Waste Ret. & Transfer
operations Treatment
M&M
Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

14300
0
0
0
0
0
0
0
0
0

14300

50

LOW

11440
0
0
0
0
0
0
0
0
0

HIGH

17160
0
0
0
0
0
0
0
0
0

11440 17160
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

ou I >Z

<(HAL btastvt:

RANGE ESTIMATE : 02-06-96



REP/PC (Ver-4-.O) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten. Case 02
MODEL : BASIC MODEL (SUMMATION)

19- 
--

B
0
T
TU!
0
M

L

N
E

x 1,000

18-

17-

16-

15-

14-

13-

12-

11-

*

*
**

**

* **

**

**

*

-*

-TARGET

10-. 4 4 4 4 4

9-

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver-4-.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 01
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

14300

NET EFFECT OF
FROZEN ELEMENTS

51 PCT 0 = .0 PCT

NUM ELEMENT

1 Current Operations
NET EFFECT OF FROZEN ELEMENTS

------------- +++++++++++++

UNIT CORRECT PROTECT



t JIJO V40

REP/PC (Ver-4-.0) - MGMT REPORT 4 CONTINGENCY PROFILE 02-06-96

DATA ExSitu Exten. Case 01
MODEL BASIC MODEL (SUMMiATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 2860 20.0 PCT

99.95 " 2849 19.9 "

95 "f 1783 12.5 "

90 " 1430 10.0 "

85 " 1176 8.2 "

80 " 954 6.7 "

75 It 797 5.6 "

70 " 578 4.0 "

65 " 450 3.2 "

60 . t 311 2.2 "

55 " 177 1.2 "

50 i 15 .1 "

45 " -123 -. 9 "

40 " -263 -1.8 i

35 -382 -2.7 o

30 -576 -4.0 "

25 " -716 -5.0 "f

20 -896 -6.3 "

15 " -1167 -8.2 "

10 " -1377 -9.6 "

5 " -1745 -12.2 "

0.05 " -2839 -19.8 "

0 " -2860 -20.0 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4.0) - MGMT REPORT 1

DATA : ExSitu Exten. Case 02
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M&M
Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

UNIT TARGET PROB+ LOW

14300 50 11440
100.00 100.00

0 0
1930 50 1544
4000 50 3200

0 0
440

0
0
0

20770

440
0
0
0

HIGH

17160
100.00

0
3281
4800

0
440

0
0
0

16724 25781
(THEORETICALS).

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL -TO OR LESS THAN TARGET

1
2
3
4
5
6
7
a
9

10

RANGE ESTIMATE : 02-06-96



REP/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten.. Case 02
MODEL : BASIC MODEL (SUMMATION)

25-.

*

24-

23-

22-

21-

20-

19-i

*

**

**

.**
**

------------------------ * ----------------

*

.**

-TARGET

16- . . . .

15-

.05 10 20 30 40 50 60 70 so 90 99.95
OVERRUN PROBABILITY (PERCENT)

B
0
T
T
0
M

NL

E

18-

17-

X 1,000



REP/PC (Ver-4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 02
MODEL : BASIC MODEL (SUV.MMATION)

TOTAL PROB OF
EXPENSE OVERRUN

20770

NET EFFECT OF
FROZEN ELEMENTS

54 PCT

NUM ELEMENT

0 = .0 PCT

UNIT , CORRECT

1 Current Operations
4 Capital Waste Ret. & Transfer
5 Capital Treanent

NET EFFECT OF FROZEN ELEMENTS

------------- +++++++++++++.
-- -- - ++

--- ++++

PROTECT



REP/PC (Ver-4.0) - MGMT REPORT 4 CONTINGENCY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 02
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF
NOT HAVING COST OVERRUN

ADD THIS
ABSOLUTE

CONTINGENCY
RELATIVE

24.1 PCT

18.1

11.2

8.5.

6.8

5.6

4.6

3.6

2.9

2.1

1.5

5011

3750

2327

1771

1413

1159

958

741

597

442

301

141

-. 1

-1.0

-1.7

-2.5

-3.4

-4.3

-5.3

-7.0

-9.1

-3857 -18.6

-4046 -19.5 to

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)

PCT

"t

i

It

100

99.95

95

90

85

so

75

70

55

60

55

"

"

"

.7

"

50 "t

t

it

"

"

"

"

45

40

35

30

25

20

15

10

5

0.05

0

-30

-201

-360

-512

-697

-886

-1109

-1464

-1894"o

"



REP/PC (Ver-4.0) - MGMT REPORT 1

DATA : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW

current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M & M
Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

6566 50
0
0
0

25.00
116.00

0
274

0
0

6981

5253
0
0

7879
0
0

0 0
25.00 25.00

116.00 116.00
0 0

274 274
0
0

0
0

5668 8294
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

1
2
3
4
5
6
7
8
9

10

HIGH

RANGE ESTIMATE : 02-06-96



REP/PC

8000-

7500-

*

*

*

**

7000-1 ---------------------- ****------------------------I-TARGET

6500

6000

5500

5000

4500

* ***
* **

a a . ****

***

- . .. . . . .**
**

- **
*

- 10 20 .0 40 50 .0 70 80 .0999

OVERUN POBABLITY(PERENT

(Ver'4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 02-06-96
DATA : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

9500-

9000-

8500-

B
0
T
T
0

N



REP/PC (Ver-4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

6981 51 PCT -

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NUM ELEMENT

1 Current Operations
NET EFFECT OF FROZEN ELEMENTS

------------- ++++++++++++

UNIT CORRECT PROTECT



I*-, u'o

REP/PC (Ver-4-.0) - MGMT REPORT 4 CONTINGENCY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 03
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF
NOT HAVING COST OVERRUN

ADD THIS CONTINGENCY
ABSOLUTE RELATIVE

18.8 PCT

18.7

11.7

9.4

7.7

6.3

5.2

3.8

3.0

2.1

81 1.2

7 .1

-. 8

-1.7

-2.5

-4.7

-5.9

-7.7

-9.0

-801 -11.5 "

-1303 -18.7 "

-1313 -18.8 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)

PCT

" i

1313

.1308

100

99.95

95

90

85

80

"f

"

"t

"o

75 ."

818

657

540

438

366

265

206

143

It

it

It

'I

"

"t

'I

It

"

we

"

70

65

60

55

50

45

40

35

30

25

20

15

10

5

0.05

0

-57

-121

-175

-265

-329

-411

-536

-632i

44



REP/PC (Ver--4.0) - MGMT REPORT

DATA : ExSitu Exten. Case 04
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW

1 Current Operations
2 R&D Waste Ret. & Transfer
3 R&D Treatment
4 capital Waste Ret. & Transfer
5 Capital Treament
6 Capital Closure
7 Operations Waste Ret. & Transfer
8 Operations Treatment
9 M& M

10 Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

7749 50
0

70.00
0

4900 15
116.00

0
2740 15

0
0

15575

6199 9299
0 0

70.00 70.00
0 0

4410 9600
116.00 116.00

0
2466

0
a

0
8220

0
a

13261 27305
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

HIGH

RANGE ESTIMATE : 02-06-96I



REP/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA ExSitu Exten. Case 04
MODEL BASIC MODEL (SUMMATION)

28- .

26-

2

1

1

I

I

24-

*

*

22- **

**

**

* 4**.

0- . . 4*.

****

.6- . .- .. . ***

****

***

.4- . . . . - . . 4** 4

--------------------------- ----------------**---

**
4-. . . . . . . . .

2- . . . . . .

.0- . 4 . . 4 . 4 .4

8- . . . . . .4

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)

ARGETB
0
T
T
0
14

L
I
N
E

I

X 1,000



REP/PC (Ver-4.0) - MG4T REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 04
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

15575 91 PCT

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NUM ELEMENT

8 Operations Treatment
5 Capital Treament
1 current Operations
NET EFFECT OF FROZEN ELEMENTS

UNIT CORRECT PROTECT

-------------
-----------

-. ++



4. 1

REP/PC (Ver-4-.0) - MGIT REPORT 4 CONTINGENCY PROFILE 02-06-96

DATA : ExSitu Exten. Case 04
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 11730 75.3 PCT

99.95 I 9656 62.0 "

95 . 9 7137 45.8 "

90 6031 38.7 "

85 5390 34.6 "

80 4923 31.6 "

75 4556 29.3 "

70 4123 26.5 "

65 " 3777 24.3 "

60 3485 22.4 "

55 " 3186 20.5 "

50 2832 18.2 "

45 2499 16.0 "

40 2174 14.0 "

35 1773 11.4 "

30. 1404 9.0

25 1082 7.0 "

20 750 4.8 "

15 348 2.2 "

10 71 .5 "

5 -306 -2.0 "

0.05 " -2201 -14.1 "

" -2314 -14.9 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4.0) - MGMT REPORT 1

DATA : ExSitu Exten. Case 05
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M& M
Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

UNIT TARGET PROB+ LOW

8600 50 6880
190.00 190.00

630 630
2280 50 824
3600 40 2880

169.00 169.00
4820 50 3856
5577 65 4183

0 0
6500 95 3900

32366

HIGH

10320
190.00

630
3876
7200

169.00
8194
5578

0
6501

23512 42658
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

1
2
3
4
5
6
7
a
9

10

RANGE ESTIMATE : 02-06-96



REP/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten. Case 05
MODEL : BASIC MODEL (SUMMATION)

42-

40-

36-1 **

32-

30-

28-

26-

*k

**

***

-------------------------- ****------------------------------

. 4 . . 4.****. 4.

*****

**

*

*

*

*

-TARGET

24- . . . . .

22- . . . . . .

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)

B
0
T
T
0

L
I
N
E

X 1,000



REP/PC (Ver-4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 05 -
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

32366

NET EFFECT OF
FROZEN ELEMENTS

.0 PCT47 PCT

NUM ELEMENT

Capital Treament,
Repository Fee
Operations Waste Ret. & Transfer
Capital Waste Ret. & Transfer
Current Operations
Opgrations Treatment
NET EFFECT OF FROZEN ELEMENTS

5
10
7
4
1
a

UNIT CORRECT PROTECT

++



REP/PC (Ver-4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 02-06-96

DATA : ExSitu Exten. Case 05
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 10292 31.8 PCT

99.95 " 5824 18.0 "

95 " 3257 10.1 "

90 " 2553 7.9 "

85 " 2094 6.5 "

80 o 1707 5.3 i

75 i' 1342 4.2 "

70 t 941 2.9 "

65 i 633 2.0 t

60 "f 356 1.1 "f

55 " 114 .4 i

50 " -101 -. 3 "

45 I -335 -1.0 4

40 " -607 -1.9 "

35 It -822 -2.5 "

30 " -1046 -3.2 "

25 " -1363 -4.2 "

20 " -1622 -5.0 11

15 " -1970 -6.1 "

10 " -2496 -7.7 "

5 " -3171 -9.8 "

0.05 " -6481 -20.0 "

0 - " -8854 -27.4 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4-.0) - MGMT REPORT 1

DATA ExSitu Exten. Case 06
MODEL BASIC MODEL (SUMMATION)

NUM ELEMENT

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment

Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

UNIT TARGET PROB+ LOW

8325 50 6660
190.00 190.00

280 280
2280 50 1824
2610 50 2088

152.00 152.00
4630 50 3704

23273 75 4654
0 0

69500 95 12900

111240

HIGH

9990
190.00

280
3876
3915

152.00
7871

23274
a

69501

32452 119049
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

i1
2
3
4
5
6
7
8
9

10

RIANGE ESTIMATE : 02-06-96



REP/PC (Ver-4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten. Case 06
MODEL : BASIC MODEL (SUMMATION)

120-1-

**
110-

100-

**
**

*
**

*
*

**
**

*
*

*
*

**
*

*

-*

-*

.05 10 20 30 40 50 60 70 so 90 99.95
OVERRUN PROBABILITY (PERCENT)

S** .

90-

80-

70-

60-
B
0
T
T
0

L

I

X 1,000

50

40

30

20



REP/PC (Ver4.0) - MGMIT REPORT 3 GRAPHICAL PRIORITY PROFILE . 02-06-96

DATA : ExSitu Exten. Case 06
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

111240 4 PCT

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NUM ELEMENT

10 Repository Fee
8 Operations Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
5 Capital Treament
NET EFFECT OF FROZEN ELEMENTS

|+ + + ++++ +++ +++

UNIT CORRECT PROTECT



REP/PC (Ver-4.0) - MGMT REPORT 4 CONTING

DATA : ExSitu Exten. Case 06
MODEL, : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS
NOT HAVING COST OVERRUN ABSOLUTE

100 PCT 7809

99.95 " 4241

95 "f -443

90 " -2133

85 I -3809

80 -5983

75 -7390

70 -9245

65 I -11539

60 -13489

55 -15771

50 -17923

45 " -20529

40 -24826

35 -27942

30 -31478

25 -35387

20 -41332

15 I -46128

10 -50031

5 t -55069

0.05 " -73391

0 -78788

ENCY PROFILE : 02-06-96

CONTINGENCY
RELATIVE

7.0 PCT

3.8

-.4

-1.9 "

-3.4 "

-5.4 "

-6.6 "

-8.3 "

-10.4 "f

-12.1 "

-14.2 "

-16.1 "

-18.4 o

-22.3 "

-25.1 "f

-28.3 "

-31.8 "

-37.2 "

-41.5 "

-45.0 "

-49.5 "

-66.0 "

-70.8 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4.0) - MGMT REPORT 1 RANGE ESTIMATE : 02-06-96

DATA : ExSitu Exten. Case 07
MODEL : BASIC MODEL (SUMMATION)

NUM ELEMENT

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M & M
Repository Fee

TOIAL EXPENSE (INPUT TO REP/PC)

UNIT TARGET PROB+ LOW

8325 50 6660
190.00 190.00

280 280
2280 50 1824
2610 50 2088

152.00 152.00
4630 50 3704
8182 75 3273

0 0
21500 95 7800

48149

HIGH

9990
190.00

280
3876
3915

152.00
7871
8183

0
21501

25971 55958
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

,~. U L3a

1
2
3
4
5
6
7
8
9

10



REP/PC (Ver-4-.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 1 02-06-96
DATA : ExSitu Exten. Case 07
MODEL : BASIC MODEL (SUMMATION)

65- . . . . . . . . .

60- .

55- . . . -

50- I**.
**

* **

**

**
**

**
**

*

-TARGET

15- . . .-

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)

45-

40-

35-
B
0
T
T
0
N

N
E

30-

25-

20-

x 1,000



REP/PC (Ve:-..O) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA ExSitu Exten. Case 07
MOD MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF NET EFFECT OF
EXPENSE OVERRUN FROZEN ELEMENTS

48149

NUM ELEMENT

12 PCT 0 =

UNIT

. 0 PCT

CORRECT PROTECT

10 Repository Fee
8 Operations Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
5 Capital Treament
NET EFFECT OF FROZEN ELEMENTS

+++++++++++++

1+++



.i .- a J VI

REP/PC (Ver-4.0) - MGIT REPORT 4 CONTINGENCY PROFILE 02-06-96

DATA : EXSitu Exten. Case 07
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRU ABSOLUTE RELATIVE

100 PCT 7809 16.2 PCT

99.95 "1 4317 9.0 "

95 "f 1269 2.6 -

90 i 230 .5

85 " -466 -1.0 "

80 "t -995 -2.1 '

75 -1560 -3.2 "

70 " -2001 -4.2 "

65 " -2439 -5.1 "

60 -2935 -6.1 "

55 -3457 -7.2 "

50 -3988 -8.3 "

45 -4640 -9.6 "

40 -5415 -11.2 "

35 I -6266 -1;.0 "

30 -7342 -15.2 "

25 -8180 -17.0 "

20 " -9503 -19.7 "

15 -10564 -21.9 0

10 -11768 -24.4 "

5 " -13012 -27.0 "

0.05 " -19153 -39.8 "

0 -22178 -46.1 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver 4.0) - -MGMT REPORT 1 RANGE ESTIMATE : 02-06-96

DATA : ExSitu Exten. Case 08
MODEL : BASIC MODEL.(SUMMATION)

NUM ELEMENT

1
2
3
4

6
7

9
10

UNIT TARGET PROB+ LOW

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M & M
Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)

8600 50

50
30

50
55

190.00
1300
2280
5202

170.00
4820
5417

0
3400

31379

6880
190.00

1300
1824
4162

170.00
3856
4604

0
3400

HIGH

10320
190.00

1300
3876

13005
170.00

8194
5418

0
3400

26386 45873
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA ExSitu Exten. Case 0
MODEL BASIC MODEL .(SUMMATION)

I . .--. ..--I - -I---- I .--- --.-. .-----I --.-- I---- I----

*41

42-

40-1 *

38-

36-

34-

32-

30-

28-

*

*

**

*

.*.

**

**
**

**

**

-------------------------------------- ***--------- I-TARGET

*
*

*

*

26- -

24-
---- I - -- ---------- I * ----- -- --- -- - - -

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)

B
0
T
T
0
M

L
I
N
v

X 1,000



REP/PC (Ver-x.O) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Case 08
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

31379 77 PCT

NET EFFECT OF
FROZEN ELEMENTS

0= .0 PCT

NUM ELEMENT

Capital Treament
Operations Waste Ret. & Transfer
Current Operations
Capital Waste Ret. & Transfer
Operations Treatment
NBT EFFECT OF FROZEN ELEMENTS

-------------- +

--- ++

-- ++

-- +

5
7
1
4
S

UNIT CORRECT PROTECT



REP/PC (Ver--4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 02-06-96

DATA : ExSitu Exten. Case 08
MODEL : BASIC MODEL (SU.MMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 14494 46.2 PCT

99.95 "t 12109 38.6 "

95 i 7497 23.9 "

90 i 6282 20.0 I

85 5365 17.1 "

so 4615 14.7 "

75 " 3930 12.5 "

70 " 3464 11.0 "

65 " 3018 9.6 "

60 " 2545 8.1 "

55 2144 6.8 "

50 1739 5.5 "

45 1391 4.4 "

40 1061 3.4 '

35 755 2.4 "

30 477 1.5 "

25 " 146 .5 "

20 " -185 -. 6 "

15 it -497 -1.6 "

10 -814 -2.6 "

5 It -1399 -4.5 "

0.05 " -3851 -12.3 "

0 " -4993 -15.9 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver-4.0) - MGMT REPORT 1

DATA : ExSitu Exten. Sepa.r. Case 09
MODEL : BASIC MODEL (SUM3MATION)

NUM ELEMENT

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M & M
Repository Fee

TOTAL EXPENSE (INPUT TO REP/PC)-

UNIT TARGET PROB+ LOW

8600 50 6880
186.00 186.00

670 670
1388 50 110
2189 40 1751

137.00 137.00
3166 50 2533
2672 65 2004

0 0
5000 95 3750

24008

HIGH

10320
186.00

670
2360
4378

137.00
5382
2673

0
5001

19021 31107
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

1
2
3
4
5
6
7
a
9

10

RANGE ESTIbATE : 02-06-96



REP/PC (Ver--4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 02-06-96
DATA : ExSitu Exten. Sepa.r. Case 09
MODEL : BASIC MODEL (SUMMATION)

29- - -

28-1

27-

26-

25-

24-

23-
B
0
T
T
0
N

L
I
N
E

X 1,000

22-

-21-

*

*

*
*.

**
**

**

------------------------- ****-------------------

* **
***

.**.
**

*
. .

-TARGET

20- . . . . .

19- . . . -

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver-4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-06-96

DATA : ExSitu Exten. Sena.r. Case 09
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROB OF
EXPENSE OVERRUN

24008 57 PCT

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NUM ELEMENT

1 Current Operations
5 Capital Treament
7 Operations Waste Ret. & Transfer

10 Repository Fee
4 capital Waste Ret. & Transfer
a Qperations Treatment
NET EFFECT OF FROZEN ELEMENTS

UNIT CORRECT PROTECT

-------- ++++++++.
--------- ++
I-------- I+++



REP/PC (Ver--4.0) - MGMT REPORT 4

DATA : ExSitu Exten. Sepa.r. Case 09
MODEL : BASIC MODEL (Stbl{TION)

TO BE THIS CONFIDENT OF
NOT 1AVING COST OVERRUN

100

99.95

95

90

85

80

75

PCT

"

"

"

'I

"

ADD THIS CONTINGENCY
ABSOLUTE RELATIVE

7099

4167

2480

1908

1582

1335

1100

70 o'

65

60

55

50

45

40

35

30

25

20

15

10

5

0.05

0

"

"

'I

"

879

687

522

346

176

43

"

"f

"o

it

I

'i

-91

-249

-429

-613

-807

-1025

-1268

-1755

It

if

29.6 PCT

17.4

10.3

8.0

6.6

5.6

4.6

3.7

2.9

2.2

1

.7

.2

-. 4

-1.0

-1.8

-2.5

-3.4

-4.3

-5.3

-7.3

-3831 -16.0

-4987 -20.8

"

"f

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)

CONTINGENCY PROFILE : 02-06-96
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REP/PC (Ver 4.0) - MGMT REPORT

DATA : ExSitu Exten. Sepa.r. Case 10
MODEL : BASIC MODEL (SUMMATION)

UNIT TARGET PROB+ LOWNUM ELEMENT

Current Operations
R&D Waste Ret. & Transfer
R&D Treatment
Capital Waste Ret. & Transfer
Capital Treament
Capital Closure
Operations Waste Ret. & Transfer
Operations Treatment
M & M
Repository Fee

TOTL EXPENSE (INPUT TO REP/PC)

8600
190.00

0
2280
4305

211.00
3990
6877

0
6500

32953 .

50 6880
190.00

0
50 1824
40 4244

211.00
50 3192
50 5158

0
95 3900

HIGH

10320
190.00

0
3876
8610

211.00
6783
6878

0
6501

25599 43369
(THEORETICALS)

- + PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

1
2
3
4
5
6
7

9
10

RANGE ESTIMATE ; 02-12-96I



t wvn' u-Jo

REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 02-12-96
DATA : ExSitu Exten. Sepa.r. Case 10
MODEL : BASIC MODEL (SUMMATION)

42 - ----

40-

38-1

34

32

30

28

26

24

22
X 1, 000

*
*

- *.4 . . . . .

***

------------------------ ***----------------

****

****

****

****

*

--- -- |--[--| -- |--- -- |---- ---- ----

.05 10 20 30 40 50 60 70 80 90 59.95
OVEPRUN PROBABILITY (PERCEfT)

'ARGET

B
0
T
T
0
M

L

N
E

36



REP/PC (Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 02-12-96

DATA : ExSitu Exten. Sepa.r. Case 10
MODEL : BASIC MODEL (SUMMATION)

TOTAL PROS OF
EXPENSE OVERRUN

32953 55 PCT

NET EFFECT OF
FROZEN ELEMENTS

0 - .0 PCT

KUM ELEMENT

5 Capital Treameng
10 Repository Fee
7 operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Rqt. & Transfer
8 Operations Trea ment
NET EFFECT OF F1 0ZEN ELEMENTS

UNIT CORRECT PROTECT

H+

+++



REP/PC (Ver 4.0) - MGMT REPORT 4

DATA ExSitu Exten. Sepa.r. Case 10
MODEL BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF
NOT HAVING COST OVERRUN

ADD THIS
ABSOLUTE

CONTINGENCY
RELATIVE

31.6 PCT

18.7

10.9

8.4

7.2

6.0

4.9

3.9

2.8

2.2

1.3

99.95

95

90

85

80

75

70

65

60

55

50

45

40 -. 8 "

-1.4

-2.1

-2.8

-3.6

-4.6 "

-6.0 "f

-8.3 "

-5765 -17.5 "

-7354 -22.3 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)

100

"

II

"

"

10416

6159

3589

2782

2385

1960

1599

1282

935

709

422

.7

-o

"o

It

i

i

"o

35

4

to

223

2

-257

-452

-682

-936

-1178

-1518

-1968

-2727

30

25

20

15

10

5

0.05

a "o

I

f

i

i

CONTINGENCY PROFILE : 02-12-96
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Assumptions

1. HLW glass for any of the ex situ alternatives involving separations is calculated at
20 wt % waste oxides. The waste oxides exclude silica and sodium.
2. The HLW for the No Separations case is calculated at 20 wt % sodium oxide.
Note: EA glass limits are 17% Na2O and 4.3% Li20 and each Li2O is equivalent to 2
Na2O so the EA glass is equivalent to 25% Na2O without any Li20. The privatization RFP
states that the HLW glass will be 25 wt % waste oxides not counting the Na2O or SiO2.
3. The LAW glass composition is calculated at 15 wt % Na2O.
4. The canister size for all HLW is set at 0.62 m^3 ( IX canister)
5. The material balances contained in the WHC data packages were used to calculate
the waste oxides for the HLW and LAW streams.
6. Sensitivity analysis will be done for the Intermediate Separations alternative at 15 wt %,
and 40 wt % waste oxide loading.
7. The material balance for the Intermediate Separations case was used for the Phased
Implementation alternative and was modified to account for additional radionuclide
separations.
8. For purposes of interim onsite storage and transportation to the repository 4 of the lx
cans are assumed to be placed into an HMPC or similar packaging and would be
repackaged at the repository.

Page 1



HLW conc data for RadTran

No Separations WHC data package values

I I Vitrification
Radionuclide Inventory No Separations

HLW Glass (WHC data pkg)
Total Curies

Am-241 1.04E+05
Am-243 3.32E+01
Cm-244 1.18E+02
Cs-137 3.49E+07
Ni-63 2.69E+05
Np-237 6.97E+01
Pu-238 1.08E+03
Pu-239 2.64E+04
Pu-240 6.70E+03
Pu-241 7.49E+04
Ru-106 3.79E-02
Sm-151 6.30E+05
Sn-126 6.27E+02
Sr-90 4.36E+07
Tc-99 3.21E+04
U-233 1.21E-02
U-234 2.12E-01
U-235 2.06E+01
U-238 4.81E1+02
Zr-93 3.94E+03
Total (m3) 1.36E+05

Note: Curies from decay daughter products not included

1/27/96 WSTLOAD.XLS HLW conc data for RadTran

3/ io

Jacobs Engineering Group



HLW conc data for RadTran

I I I. I _ __ __I

No Separations Alternative New Base Case (1/26/96)
20 wt% sodium oxide loading, 1.5 blending factor

Vitrification Calcination
Radionuclide Radionuclide
Concentration Concentration
Curies /mA3 Curies /m^3

Am-241 2.86E-01 1.55E+00
Am-243 9.12E-05 4.94E-04
Cm-244 3.24E-04 1.76E-03
Cs-137 9.58E+01 5.19E+02
Ni-63 7.39E-01 4.00E+00
Np-237 1.91E-04 1.04E-03
Pu-238 2.97E-03 1.61E-02
Pu-239 7.25E-02 3.93E-01
Pu-240 1.84E-02 9.97E-02
Pu-241 2.06E-01 1.11E+00
Ru-106 1.04E-07 5.64E-07
Sm-151 1.73E+00 9.38E+00
Sn-126 1.72E-03 9.33E-03
Sr-90 1.20E+02 6.49E+02
Tc-99 8.811E-02 4.78E-01
U-233 3.32E-08 1,80E-07
U-234 5.82E-07 3.151-06
U-235 5.66E-05 3.07E-04
U-238 1.32E-03 7.16E-03
Zr-93 1.08E-02 5.86E-02
Total (m3) 3.64E+05 6.72E+04

Number of 0.62 m^3 canisters 5.87E+05 X-., -44&88 I&v
Number of 0.62 m^3 canisters per HMPC 4 4
Number of trips to the repository 14690 z)Ijc) -- 9tO
Based on 10 HMPCs per train and rounded to nearest 10 trips

Note: Curies from decay daughter products not included
_ _ _ _ _ _ _ I_ _ _ _ _ _ _ _ _ _ _

WSTLOAD.XLS HLW conc data for RadTran

Jacobs Engineering Group

1/27/96



HLW conc data for RadTran

Intermediate Separations WHC data package values

Radionuclide Inventory Low-Level High-Level
Waste Glass Waste Glass
Ci/m3 Ci/m3

Am-241 3.90E-02 1.00E+01
Am-243 1.30E-05 3.20E-03
C-14
Cm-244 4.70E-06 5.90E-03
Cs-135 4.80E-06 1.50E-02
Cs-137 1.20E+00 3.70E+03
1-129
Ni-63 2.60E-02 2.80E+01
Np-237 3.20E-05 6.60E-03
Pu-238 3.1OE-04 1.1OE-01
Pu-239 7.60E-03 2.60E+00
Pu-240 1.90E-03 6.70E-01
Pu-241 6.70E-03 7.80E+00
Ra-226
Ru-106 8.50E-09 3.80E-06
Sm-151 3.10E-02 6.60E+01
Sn-126 7.20E-04 5.00E-02
Sr-90 4.30E+00 5.60E+03
Tc-99 1.20E-01 6.30E-01
Th-230 2.30E-12 4.10E-09
U-233 2.80E-09 1.20E-06
U-234 4.90E-08 2. 1OE-05

U-235 4.80E-06 2.10E-03
U-238 1.IOE-04 4.80E-02
Zr-93 1.60E-05 4.10E-01
Total (m3) 2.20E+05 9.40E+03

Note: Curies from decay daughter products not included

WSTLOAD.XLS HLW conc data for RadTran

15fID
1/27/96

Jacobs Engineering Group



HLW conc data for RadTran

Intermediate Separations New Base Case (1/26/96)
20 wt% waste oxide loading, 1.5 blending factor

Sensitivity @ Sensitivity@
Base Case 15 wt% loading 40 wt% loading

Radionuclide Inventory HLW HLW HLW
glass glass glass
Ci/m^3 Ci/m^3 Ci/m^3

Am-241 4.54E+00 3.41E+00 9.08E+00
Am-243 1.45E-03 1.09E-03 2.91E-03
C-14 0.GOE+00 0.00E+00 0.00E+00
Cm-244 2.68E-03 2.01E-03 5.36E-03
Cs-135 6.81E-03 5.11E-03 1.36E-02
Cs-137 1.68E+03 1.26E+03 3.36E+03
I-429 0.00E+00 0.OO1+00 0.00E+00
Ni-63 1.27E+01 9.54E+00 2.54E+01
Np-237 3.00E-03 2.25E-03 5.99E-03
Pu-238 5.OOE-02 3.75E-02 9.99E-02
Pu-239 1.18E+00 8.86E-01 2.36E+00
Pu-240 3.04E-01 2.28E-01 6.09E-01
Pu-241 3.54E+00 2.66E+00 7.08E+00
Ra-226 0.OOE+00 0.OOE+00 0.00E+00
Ru-106 1.73E-06 1.29E-06 3.45E-06
Sm-151 3.OOE+01 2.25E+01 5.99E+01
Sn-126 2.27E-02 1.70E-02 4.54E-02
Sr-90 2.54E+03 1.91E+03 5.09E+03
Tc-99 2.86E-01 2.15E-01 5.72E-01
Th-230 1.86E-09 1.40E-09 3.72E-09
U-233 5.45E-07 4.09E-07 1.09E-06
U-234 9.54E-06 7.1I5E-06 1.91-O5
U-235 9.54E-04 7.15E-04 1.91E-03
U-238 2.18E-02 1.63E-02 4.36E-02
Zr-93 1.86E-01 1.40E-01 3.72E-01
Total (m3) 2.072+04 2.76E+04 1.03E+04

Number of 0.62 m^3 canisters 3.34E+04 4.45E+04 1.67E+04
Number of 0.62 m^3 can/HMPC 4 4 4
Number of HMPCs 8347 11129 4173
Number of trips to the repository 840 1110 420
Based on 10 HMPCs per train and rounded to nearest 10 trips

Note: Curies from decay daughter products not included

__ _ _ _ _ _ _ _ __ _ _ i__ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _

_________ _______ _______ __________I________ ______

__ __ __ __ __ _ __ __ _ _ __ _ __ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran

Extensive Separations Data Package values III
_______Note: data package values modified by ECN to Rev 0 data package

Radionuclide Inventory j G LLW Glass

________Base Case (A-I) Base Case (A-LA)
______Ci/m3 Ci/m3

Am-241 2.09E+02 7.34E-04
Am-243 6.69E-02 2.35E-07
C-14 0.OQE+O0 0.OOE+00
Cm-244 2.30E-01 4.56E-06
Cs-135 2.91E-01 9.16E-07
Cs-137 7.02E+04 __2.21E-01

1-129 O.OOE+O0 0.OO1+00
Ni-63 8.47E+00 1.83E+00
Np-237 1.40E-01 1.87E-05
Pu-238 2.15E+00 7.80E-05
Pu-239 5.25E+01 1.90E-03
Pu-240 1.33E+01 4.84E-04
Pu-241 1.49E+02 5.41E-03
Ra-226 5.40E-10 7.20E-16
Ru-106 7.58E-05 1O1E-10
Sm-151 1.68E-03
Sn-126 1.25 1.67E-06
Sr-90 1.071+05 3.72E-02
Tc-99 6.43E+01 1.06E-03
Th-230 7.80E-08 1.04E-13
U-233 3.68E-08 5.19E-11
U-234. 6.76E-07 9.10E-1
________ U-235 6.57E-05 8.84E-08
U-238 1.53E-03 2.06E-06
Zr-93 9.59E-02 2.68E-02

total m3 496 1.47E+05
solid

Note: Curies from decay daughter products not included

WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran

Extensive Separations alternative New Base Case (1/26/96)
20 wt% waste oxide loading, 1.5 blending factor

Extensive Separations Data Package values

Radionuclide Inventory HLW Glass
Base Case (A-1)

Ci/m3
Am-241 1.06E+02
Am-243 3.41E-02.
C-14 0.OOE+00
Cm-244 1.17E-01
Cs-135 1.48E-01
Cs-137 3.58E+04
1-129 0.00E+00
Ni-63 4.31E+00
Np-237 7.13E-02
Pu-238 1.09E+00
Pu-239 2.67E+01
Pu-240 6.77E+0O
Pu-241 7.59E+01
Ra-226 2.75E-10
Ru-106 3.86E-05
Sm-151 0.00E+00
Sn-126 6.37E-01
Sr-90 5.45E+04
Tc-99 3.27E+01
Th-230 3.97E-08
U-233 1.87E-08
U-234 3.44E-07
U-235 3.35E-05

I U-238 7.79E-04
Zr-93 4.88E-02
total m3 9.74E+02

Number of 0.62 m^3 canisters 1.57E+03
Number of 0.62 m^3 can/HMPC 4
Number of HMPCs 1 393
Number of trips to the repository 40
Based on 10 HMPCs per train and rounded to nearest 10 trips
Note: Curies from decay daughter products not included

WSTLOAD.XLS HLW conc data for RadTran

Jacobs Engineering Group
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HLW conc data for RadTran

II I I I I . .. I ______

Phased Implementation alternative New Base Case (1/26/96) _ ______

_____20 wt % waste oxide loading, 1.5 blending factor

___ ___I Base Case_ _

Radionuclide Inventory HLW
glass

I Ci/mA3
Am-241 5.01E+00
Am-243 1.60E-03
C-14 0.OOE+00
Cm-244 2.68E-03
Cs-135 6.81E-03
Cs-137 1.68E+03
-129.E+00

_Ni-63 1.27E+01
Np-237 3.OOE-03
Pu-238 5.15E-02
Pu-239 1.26E+00
Pu-240 3.19E-01
Pu-241 3.57E+Q0
Ra-226 0.OO11+00
Ru-106 1.73E-06
Sm-151 3.OOE+01
Sn-126 2.27E-02

_____Sr-90 2.56E+03
ITc-99 1.54E+00
Th-230 1.86E-09
U-233 5.45E-07
U-234. 9.54E-06
U-235 ________ 9.5411-04

U-238 _2.18E-02

Zr-93 1.86E-01 ____________

Total (m3) 2.07E+04

Number of 0.62 m^3 canisters 3.34E+04
Number of 0.62 m^3 canIHMPC 4 _ __________

Number of HMPCs 8347 ____

Number of trips to the repository 840
Based on 10 HMPCs per train and rounded to nearest 10 trips
Note: Curies from decay daughter products not included

1/27/96 WSTLOAD.XLS HLW conc data for RadTran
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HLW conc data for RadTran

I I I I I I I - I~ .
Ex Situ / In Situ Combination Alternative New Base Case (1/26/96)

20 wt% waste oxide loading, 1.5 blending factor

Radionuclide Inventory HLW glass Sel Ret. Recovery
fraction

Ci/m^3
Am-241 6.97E+00 7.67E-01
Am-243 2.67E-03 9.20E-01
C-14 0.00E+00 9.OOE-01
Cm-244 5.04E-03 9.40E-01
Cs-135 1.16E-02 8.50E-01
Cs-137 2.96E+03 8.80E-01
I129 0.OOE+00 9.00E-01
Ni-63 2.03E+01 8.OOE-01
Np-237 5.58E-03 9.32E-01
Pu-238 3.97E-02 3.97E-01
Pu-239 1.48E+00 6.27E-01
Pu-240 3.69E-01 6.07E-01
Pu-241 4.O1E+00 5.65E-01
Ra-226 0.OOE+00 8.30E-01
Ru-106 1.28E-06 3.70E-01
Sm-151 4.32E+01 7.20E-01
Sn-126 3.32E-02 7.30E-01
Sr-90 3.56E+03 7.00E-01
Tc-99 5.15E-01 9.00E-01
Th-230 3.05E-09 8.20E-01
U-233 8.72E-07 8.00E-01
U-234 1.54E-05 8.10E-01
U-235 1.74E-03 9.10E-01
U-238 3.92E-02 9.00E-01
Zr-93 2.49E-01 6.70E-01
Total (m3) 1.03E+04

Number of 0.62 m^3 canisters 1.67E+04
Number of 0.62 m^3 can/HMPC 4
Number of HMPCs 4174
Number of trips to the repository 420
Based on 10 HMPCs per train and rounded to nearest 10 trips
Note the combination alt. retrieval fraction is calculated from the % of SST and DST inventory
recovered as follows: recovery fraction = (curies recovered from SSTs + Curies from DSTs)
divided by (total curies in the SSTs+total curies in DSTs) -
The combination alternative volume of HLW glass is 1/2 of the Intermediate Separations

Note: Curies from decay daughter products not included I

WSTLOAD.XLS HLW cone data for RadTran

Jacobs Engineering Group
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WEC-SD-Wf-EV-101 Rev. 0

Table 7-15. Compoarison of Alternatives by Decommissioning of Contamina-md
Treatment Facilities and-Equipmen (Mfetic Tons).1

Quantity 2.6 E5 J.6 E3 2.6 E5

ConIcrete
Quantity ----. 2 E3.2 E5

Soil--
Quantity 8.8 E5 8 -. E5

Disposition low-level waste low-level waste low-level waste
burial grounds burial grounds burial grounds

Notes:

'All Tank Farmi Confinement Facilities (TECF) and everything contained t'der the
TFCFs are assumed to be conramina -

'TFCF - 2.6 ES metric tons steel
- 3.2 E5 metric tons concrete
- 8.8 E5 metric tons soil

Mixing Equipment - 7S E2 metric tons steel

'Assumes 20 percent of drying systems become contamnted:
- 1.6 E3 metric tons steel

T1FCF - 2.6 B5 metric tons steel
= 3.2 ES metric tons concrete
= 8.B E5 me:ric tons soil

Assumes 90 rc.zat of in sint vitrification
- 8.2 E2mctric tons steel

equipment becomes contaminated:

7-27
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Table 7-16. Comparison of Alternatives by Process Module: Overall Cost
(Millions of 1994 Dolars).

Notes: (C nd grnued)

Dtying and gravel fill

242-A -
Opczating cost
Capital cos: -

Radio Frecuencv Drying
Operating cost =

Capital cost -
Rsearch and development =

Gravel Fill
Operating cost =

Capital cost

S130 million
so

$180 million
$121 million
S 10 million

5150 million
S 25 million

,Ea Situ Vitrification

242-A
Openrdng cost
Capital cost a

Vitrdfcadion Cmcludes TFCF)
Operating cost -

Capital cost -
- Research and development =

--S130 million
so

S2,400 wiUlon

S $4,700 million
.. S. 67. million

See Table 7-18 for Capital Costs and Table 7-19 for Operating Costs.

'Du;: to roumding. totals do not equal sum of numbers in colu=.
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W-EHC-SD-WM-EV-101 Rev. 0

Table 7-18. Comparison of Adrenatives by Capital Cost Component
(Mi-ijons of 1994 Dollars).

. . --

Labor 2,600 5 2,800

Materials/Supplies 1,450 11 1,550

Equipment 20 110 50

Local Purchases 260. 21 280

Total 4,300 150 4,700

Notes:

'Tables M4-5 (Stabilization by Grout Capital Cost) and F7-7 (Tank Farm Confnement
Capital Cost) of the Tank Wcs:c Technic=l Options Repor (Boomer et al. 1993) were used
as a basis.

242-A Evanorator
Capital cost = 0

Tank Farm Confinement Facilit,
Labor = S2,600 million
M/S - 51.700 mlon
Equipment - SO
(Local purhbases = 0.15(M/S + Equipmect)}
TozaW - 4,300 million

Grout pixin2

Labor
MIS
Equipment
{Local purbhases
Total

- S 5.6 million
$ $13 million

- S21.5 million
- 0.15 (M/S + Equipment)}
- S40 million

2SD-WM--TI-111 Rev I (ligley 1985). was used as a basis for one radio freqency drying
sysren. Forty-five systems are used. Table M5-5 (Stabilization by Gravel Capital Cost
Estinme) of the Tank Waste Techniccl Oprionr Report was used as a basis for the Gravel

- 242-A EBvaoror
Capital cost. =0
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

Z _$~~a&aL3Z&ii$

jj-~~~ ~ Frnk;A- Mr 7rTh

Labor 300 200 500

Materials/Supplies 10 28 100

Equipment 110 33 24

Local purchases 20 10 22

Startup 370 92 250

Decontamination and 1,600 110 1,600
decsmmissioning

Total4 2,400 -q-p 470 2,500

Notes:

'In situ chemical stabilization
242-A Evauorstor - 5-year operating life
Total operating cost - $127 million
Annual operating cost - S15 million

Following numbers based on previous opertion of 242-A Evaporator
Labor - 59 Exempt x 130,000 per jcar - $8 million per year x 5 years $40 million
60 Nonexempt x 50,000 per year - $3 million per year x 5 years - $15 million
Matcrials/Supplies - $1 mallion per year x 5 years - $ 5 aillion
Equipment (Upgrade cost - $13 milion) - $3 million per year x 5 years = 515 milion
(Local purchases - 15% of (Materials/Supplics + EqiUipent))
Total - $15 million per year - $75 million
Startup - 2 years operating cost

2 ($15 million)
- $30 million

Deconfainnation and decommissioning -- 2 years operating labor + 0.3 (capital cost)
-2 ($11 million) + 0.3(0)
- $22 million

Tank Farm Confinement Facility (TFCR fMgut) 2-year operating life
Total operating cost - $2100 million
Annual operating cost - $153 milion-
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- Table 7-19. Cornoarison of AItzrnatives by Operating Cost Cornoonent

(Millions of 1994 Dollars). (5 shets}

Notes: (Continued)

Drying and Gravel Fill

242-A Evapvrator - 5-year operating life .CZ'
Total operating cost -

Annual.operating cosD - $15 million

Following numbers based on previous operation of 242-A Evaporator:
Labor - 59 exempt x 130,000 per year - 8. million per year x 5 yr = $40 million

60 nonaxcmpt x 50,000 per year - $3 million per year x 5 yr - $15 million
Materials/Supplias - Sl million per year x 5 yr - S 5 million
Equipment (Upgrade cost - $13 million) - $3 million per year x 5 yr - $15 million
(Local purchases - 15% of (Materials/Supplies + Equipment)}
Total - $15 million per year - $75 million .

Startup - 2 years operating cost
- 2 (515 million)
- $30 million

Decontamination and dccommissioning - 2 years operating labor + 0.3(capital cost)
- 2 ($11 million) + 0.3(0)
- $22 million --- -

Radio Frequencv brying - 9-year operating life
Total operating cost - $183 million
Annual operating coct - 112 million

Labor 13 Exempt x 130,000 per year - $1.7 million per year x 9 yr = $15 million
S 3 Nonexempt x S,000 per year - =0.2 miio per year x 9 yr - S 2 milion

77 Bargaining units x 90,000 per year - $6.9 million per year x 9 yr - $62 million
Total Labor - 59 million per year - $80 million

Materials/Supplies -

Electricity - .IES kwh x $0.025/kwh - $2.8 million per year x 9 yr - $25 million
Water (includes potable water for all drying and gravel fill staff)

- 1.1 E6 m3 x $3/' - $3 70,000 per year x 9yr -$ 3 million
Equipmt - 0
{Local purchases - 15% of (Materials/Supplics + Equipment)}

-. *.- . : -Total.. $12 million-- $108 million --
Startup - 2($12 million) - $24 million
Decontaminstioc and dcoinssioning - 2($9 million) + 0.3(121 million) - $54 zillion

Gravel Fill - 4-year operating life
Total operating cost - $147 million . t e
Annual operating cost - $19 mill-a - -
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Table 7-19. Comanson of Alternatives by Operating Cost Cornponent
(Millions of 1994 Dollars). (5 sheets)

Notes: (Continued)

Following numbers based on Tables M9-5 and M9-6 of the Tank Waste Tecnical Opdior.s Rcport.
Labor 292 exempt x 130,0<O/year - $38 million per year x 5 yr - S190 million

131 nonexempt x 50,000/year'- S 7 miUioo per year x 5 yr - S 35 million
437 Bargaining units x 90,000/year - $39 million per year x 5 yr - 195 million

Labor Total - $84 million per year - $420 million

Materias/Supplies
Water (includes potable water for all in situ vitrification staff)

- 1.2 E6 rn 3 x $3/tr? - $3.6 million
Electricity - 4.4 E9 kwh x $0.O25/kwh - $110 million
Limestone - 1.1 E7 kg Sx 0.09/kg - $990,000
Propane - 1.1 E7 kg x $0.02/kg - $220,000
Amrnmonia - 6.8 ES kg $ $0.38/kg - $260,000
M/S Total - £23 million per year x Syr - $115 million
Equipment - $2.4 million (1993) x 1.05 - $2.5 million per year x Syr S 12.5 million
Total - $110 million per year - $545 million

Startup - 2(Sl 10 million) - $220 million
DecontaUlnation and deomrnissioning - 2($84 million) + 0.3($4650 million) - $1563 million

Costs associated with routine tank farm operations, TWRS program management, characterization,
tank farm upgrades, single shell tank salt well pumping.-and tank farn sa ety issue resolution art not
included in these totals.

4
Duc to rounding. totals do not equal sim of numbers in columns.

Boomer, K. D., S. K. Baker, A. L. Boldt, 1. D. Galbraith, J. S. Garfield, C. E. Golberg,
B. A. Higley, L J. Johnson, M. J. Kupfer, R. M. Marusich, R. J. Parazin, A. N. Praga,
G. W. Reddick. E. J. Slaathaug. L M. Swanson, T. L_ Waldo, C. E. Worcester, 1993, Tank Waste
TecWcal Optiors Repar, WHC-EP-0616, Westinghouse Hanford Company, BRichland, Washington.
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Table 7-21. Comparison off Alrernadives by Overall Schedule
(Calendar Year StrdComvlerdon Date).

v~&~& .t~5A~i$~hiChe~t.C-rw -al

Constructon 1998-2013 2003-2005 1998-2016

Oemdon2 2005-2013 2005-2018 2005-2016

Monitoring and 2024-2124 2024-2124 2024-2124
maintenance 3

Decontaminadon and 2010-2013 2018-2021 2013-2016
decommissioning

Research and n/a 2000-2002 1995-2002
developmentI

Notes:

'The construction periods for in situ chemical stabilization and in situ vitrification (ISV)
continue throughout operations due to construcion of the Tank Farm Confinement
Facilities. The in situ drying option rmquires gravel excavation and construction of the
gravel distributor.

rThe operating periods shown here include an additional 3 years for strup.

'Monitoring and naint,-,ce takes place after closure (placoot of barriers) for a period
of 100 years. Monitoring and main-eane upon completion of in situ disposal is discussed
in the Closure Te+nrical Data Paedge for the 'Tank Wcsre Renedicnion System
Envirorner'ci Impact 5nemenf (SCanlon et a. 1995).

'It is assumed that decontamination and decommissioning will take 3 years to complete for
all in situ alternaives; ad is considered the 'shutdown prind- menzioned in Table 7-25.

5Radio frequrncy drying will require two years of research and develoanent, based on
cngineeringjudgement. The ISV altnadv: will require seven years research and
development as shown in PNL-7499 (Koegler 1990).

Koegler, S. L, 1990, Underground Tark fircri icion Project Plan, PNL-7499. Pacific Northwest
Laboratory, Richland, Washington.

Scanlon, P. L., H. Hampt, W. A. Skelly. 1995, Closure Technice! Dcr Package for the Tank
Warre rnedicion System, Draft, Wcstinghousc Hanford Company, Richland,
Washington.

7-39



WEC-SD-WM-EV-101 Rev. 0

8.1 i SITU VTYRICATION

The following tables from the Tank Waste Technical Qpriors Repor (Boomer ec al. 1993)
were used as a basis for the in situ virification option:

Tank Farm Confinement Facility
Table F7-7 Canital Cost Estimate

The Tank Farm Confinement Facility (TFCF) has been sized according to five
different tank farm configurations (2x2, 2x3, 3(4)x4, 3x5, 4x5). The 18 tank
farms will require:
4 (2x2); 3 (2x3); 9 (3x4); 1 (3x5); 1 (4x5)

Vitrification
Table M9-4 Capital Cost Estimate
Table M9-5 Operating Expense Summary
Table M9-6 Staffing
Table M94 was modified to include 4 ISV systems and sand excavation costs.

A percent distribution of ISV operating staff hours over the operating life (including startup
and decontamination and decommissioning) is shown in Figure 8-1.

Sand would be excavated onsite to avoid frit purchasing and shipping costs. Existing Pit 30,
located between 200 East and 200 West Areas, would be used to excavate 540,000 mn2 of
sand required for filling the tank void spaces. This estimate was taken from the in situ
chemical stabilization (ISCS) option. It assumes that excavating and crushing equipment will
already be in place from other contracts. As a result, no construction work would be
necessary.

Total rank volume = 740,000 m'
Total waste volume = 201,000 m3

Total void volume = 540,000 m' = frit (sand) requircmert
(based on the Technical Oprions Report and Tank Farm Surveillance and Waste Starus
Swunary Renor for April 1994)

Process water required for the ISV process is assumed negligible.

The entire tank farms would be vitrified to an 18m depth, includin- areas between the tanks.
The total vitrified volume would equal 3.8E6 in'.

ISV operating life equals 5 years, based on the assumption that it takes 3 weeks to vitrify one
tank. Four ISV systems would be purchased with at least 2 in continuous onerandon at all
times.
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Seven years of research and development are recuired before mega-szaie ISV
could be implernented.' This research and develoomn will cost S67,000,000 as shown in

PNL-7499 (Koegler 1990).

8.2 IN SITU CEMNUCAL STABTT.ZATION

The in situ chemical stabilization option would use all the materials, eouipment, and labor
shown for the "grout fill" option of the Tank Waste Technical Oprions Reporr. However,
because the grout fill option is for empty tanks, additional ecuipment and labor would be
required for mixing grout with the waste.

Additional unit process steps:

Construction of 18 TFCF
15-m (48-ft)-diameter dome penetration of 161 tanks
Employmcnt of grout mixing system (4-m [12-ftl-diameter auger with grout

injector)

The following tables from the Tank Waste Technical Oorions Reporr were used as a basis for
including the additional steps:

Tank Farm Confinement Facility

Table F7-7 Capital Cost Estimate
Table F7-8 Operating Expense Summary
Table F7-9 Staffing

Dome penetration is considered "operation" rather than "construction." It was
assumed that the TFCF operating staff would perform the 15-m (48-ft) dome
penetrations; Tables F7-8 and F7-9 were modified accordingly.

Additional TFCF Labor: -

35 operations managers (exempt)
120 operators (bargaining unit) -

The TFCF has been sized according to five different tank farm sizes (2x2,
2x3, 3(4)x4, 35, 4x5). The 18 tank farms will require: -

4 (2x2); 3 (2x3); 9 (3x4); I (3x5); 1 (4x5)

Grout Mixin2
Table M4-5 Capital Cost Estimate
Table M4-6 Onerating Expense Summary
Table M4-7 Staffing
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Because sand is the largest cuandty constituent, it would be excava'e onsite flow existing
Pit 30, located between 200 East and 200 West Areas. The sand cxcavaaon estimate is
considered a capital cost and assumes that excavating and crushing equivment would already
be in place from other contracts.

ISCS operating life = 2 years, based on the following assumptions:

2.5 hours to drill 1 well
37 wells/tank
161 tanks
200 days for moving and setting up
Continuous oneration of 2 mixing systems and 2 batch plants at all times

The TFCF oaerating life must be 12 years because stabilization takes place under the
TFCF, and the TFCF operating staff performs the dome peneratdons.

The total grouted waste volume is equal to the volume of all 177 anks = 7.4E5 m3 .

8.3 DRYING AND GRAVEL FILL

The drying and gravel fill option would use all the materials, equipment, and labor shown
for the radio frequency drying option in the Hanford Defense Waste Environmental Impact
Srarement Worldng Papers-Ezissing Tank Waste (Higley 1985), and the "giavel fill" option of
the Tank Wasre Technical Oprions Reporr. However, the radio frequency drying option has
been modified with additional labor and ecuipinent to include the DSTs.

The following tables from the Tank Waste Technical Oprions Reporr were used as a basis for
including the gravel fill:

Table M5-5 Cavital Cost Estimate
Table M5-7 Operating Exnense Summary
Table M5-8 Staffing

A percent distribution of drying and gravel fil operating staff hours over the operating life
(including startup and decontamination and decommissioning) is shown in Figure 8-3.

The total dried waste volume = 50,000 m3. This volume was calculated by estimating a new
salt cake volume from -the total moles of Na in double-shell slurry feed and dilute
noncomplexed waste. The sludge volume was assumed to remain the same.

Total tank volume = 740,000 m3

Total waste volume = 50,000 m3

Total void volume = 690,000 m3 = Total gravel requirement
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Table 5-8. Comnvahson of ALrnanves by Procss Modumi: Cawiri Cost
(MiLlions of 1995 DovUrs).' 2- 4

.... .t~ ...--. .*aMrnr V f

Baric constrtctionR I80 S113 c237 . S86 ISM

E-Mpded SST closure' n/a . S26.6/S14-.6 IS26.6/S14.6 I S20. 6/14. 0 26.6/14.,6I

Emnded DST
closure7  n/z S4.4/S2.6 S4.4/S2.6 S4.4/52. 54.4/S2.6

Total S86 S144/S130 S268/s254 S117/S103 JS142/5128

Notes:

SST - single-sb-il ank
DST - double-shell tank

tThe cost of gravel was s;zsted from AppeudWxA. Cost Baier Mateals and '"as figured at 322 per
cubit meter (') for 756,000 m? of material, or S16,600,000. Tnere n 16 55:0DC-gallon tanks that
would be sabilized with the sae grout niinmz used for subilizing the ancillary euipnco:. These
tanks have a total void volume of 5,324 in. rnh cosz of this grout was dmae at $0.14 cr
kilogrna (kg) for Type I/l -- , SO.0 4 /kg for fly ash, ad S18.50/m for =nd fina Pit 30. For
106,500 kg of ccicrc, the cost would be 514,900; 958,090 kg of fly ash would cost 538,300; and
5.160,000 kg of sand (3,flS ' of sand) would cost 559,700. The total cost of this grout is S112.900.
Tne cost of the waLtr was not calculated. The cost of the air entrinmnt additive was unMown but
asrzmed to be negligible.

The cost of concrete was ---- ted at 50.14/kg for Type III cecnent. 50.04/kg for fly ash, and
18.50/n' for sand from Pit 30. For 15,000,000 kg of ct, the cost would be 52.100,000;

137,000,000 kg of fly ash would cost S5,480,000; 1,260.000,000 kg of sand (1,300.000 n of sand)
would cars 523.200.000. The total cost of this grout is S30,790.000. TIie cost of the wa:er was not
caldxlated. The cos: of the air etraintzent additive was unkIown but assumed to be negligible.

Inc cost of solidifying the ancillary equipment is based on the same grout formula as in notes 1 and 2.
Tncr= is 13,700 m2 of void space in the ancillary ctuipncet for the SSTs and the DSTs. The SST
ancilliry cqiipnent void spant is 10,500 m2, and the DST ancillary equipment void space is 3.200 n'.
For SST ancillary equipnent. 210.000 kg of cent would cost 529,400; 1.890,000 kg of fly ash
would cos: 575,600; 17,400,000 kg of sand (10,900 & of sand) would cos: 201,500. The total cost
of sxabili-n-g the ancillary SST equipntcr would be S306,500. For DST atilary equipmen:.
64,000 kg of - t would cost S8,9 6 0; 576,000 kg of fly ash would cost 523.000; 5,312.000 kg of
sand (3.320 m' of sand) would cost 161.400. The total cost of stabilizing the an=illary DST ecquipzaezt
is 593.360. The cost of water was not calculated. The cost of the air cotr -- u additive was
unkmown but ass'.ned to be negligible.

mTze costs for nonitorng and *--t=nzc ar- reflected in Table 5-10 and were nor included in these
cCs:s.
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Tabl 5-9. Comaison of AL -rn2 sv by Capim-i Cost Componn
(Millicns of 1995 Dolis).

LaoS30.6 S54.1/S57. I S 105/S 107.3 S43.9/S46.-9 S53.6/S56.6

.v.supics- I28.5 42.9/S37.4 I81.1/S75.6 S34.1/28.6 I-423./S37.0
Equi-pMent n/a C.2/.3 SO.25/.35 .2SSO..25/ .3 SO.25/SU.3

LXKc1,pDUrChasesS' S57.5 S43.5/$35.1 I 130/S121 I.82.9/S74.5 I542.5/S34.1

TOMl SW/' . 141/S130 316/S3041 S161/SI50 S139/S128

-A - not aplicable

'Av--age wage for =n ce.mt r fl.oy= at R. is 557.11/hour, for a - m poy" is

__2.35/hour, and for a bar gg umit - Icy=; is S41.31/hour Coased on overnead, the co-3&5n &.
support pool szd Sgenra =d sadnrative rates found in Soft Reparting oz Nov-zmber 11, 1994 for
organization code 700M0). Labor cos= w--re calculated urkig thc szaff hours fro= T2bles 5-2.A t'rug
S-2D ind muliplying by the average wage. Amcilltry equipzn stabilizatton =nd barrier ccons-:=ieon

labor ccs= er intcluded in both grout &--d gravel stabinizon. 1, was assu,:ed that a.U desigu,
engneeing =d supe-rvisory p=r==nnl wer-= e=empz, *-nd that 211 radiation and =oa-diLdO= wor-k--s

w--= barg i-i g tmft -mlay,=s.

-,atha s a d spIies include t___ xaznk and aj 53illary 0quip;rnt sbilizion =atnIs and the matm-als
used in ba:-rier consucuon over the tan and over the LL-W Vatdts (in the Extessivc Pre:7=In--C ad
T'PA Prmf=T-ed Alt:-n-advcs). They incjudc only zaterials that canot be bought locally (2sphaht,

asphalt coating and gcotextile fabr i" for the bzarri, Ily &-,d for Lhe grout Ii). AJI other =ztzrzals for
stabimzion 2zd bx:rr--r coas:ruziou are lis e in local pur-casc. Tr.es:- numbe.-s uweC. calculated from
Appendix A, Ba:--ier C=s by Co r - =t. Aspbalt would czms: V-7,800,000 for ta--k b2arri*e-s,

45,300,O for _siprtr- -,T grou, 8,500,0/ for Tx=siv /S 5 glass. and
3E.100,000 f=r th Tri-Pazy An glass. Gcotextiles would cost 717CO f s 1 3 1 b 8rriers,

Ag700,Wg for =:ezsivet e- z- yt grouTW i 784, 1o for a noiv n ezreinat-men gloss vnd s268,
for Tri- pry Ald=cralve glass. Fly ash would Co 5,600,000 for the gro u sbilizaon otion (or
for gano=d code-y quip==Lb): it would c=st z137,a for the gravl s:abiliza ou op on (for the
55.000-gallon tks and or heagy equip t). The cos of tcl grout ouxcn is bier and the
Cos: a- ti= grSYve option is bLstd second.
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Table 5-10. Compnason of Altrtves by Mooitoain- and M inrsic Cost ComnwtenW
(Mfilions of 1995 Dollars).

L - S.'.17

Labor 0.391 0.401 0.401 0.39 0.40
Mat=als/suppl es j 0.011) 0.0121 0.016] 0.0111 0.012
EquipmenH J 0.0301 0.030! 0..03030 0.030
Local pr thasesI

0.43) 0.44 0.45 0.43.

Notes:

'Se: Ampendi A for drtpils on the calculations.

-Moitoing and =-tiatzn-c applies to all phases of the closu= package (tank stabilizaon, azIz.-y
ceu=znt sabildon, and barrier corstedon).

T= labor n±±s art based on an average wage of $130,000 per year Lot s'pervzsnts. and S60.000 c=z
yar for iaborcs and a ckerk/seertsry.

'Al .azcrals and supplies _are local pur-hases.

'Bic;=pet costs ae based on one tractor with cachnents and three pickup trucks. to be replaced
once every five yas.

- For dittdonal backup inforzadon. see Appediz A, Figures A?. A3. and A4; and Tables AS and
A9.
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Table 5-12. Comparson of Atrnaivcs by Unit ?rocess: SCCucnc. of Consrucd-on

(Cz1nda: Year- Snrc/Completion Dal=).

..T ... g .. r ... tr~ tIM%" -

...... * - . . ..

Barrier 2013,2016/
construcon 2030,2033 2024/2060 2M4/2030 n/a 2028/2034

Empried SST
closure4  n/a 2010/2024 2010/2024 2010/2024 2010/2024

Emtied DST 2 I
closure n/a 2019/2023 2019/2023. 2018/2022 202312027

Notes:
n/z = not applicble
SST - single-shell tank
DST - double-shell tank

'Based on WHC-EP-0616, Tanrk Ware Tedcrical Opriors Repor:, (Boomer :r al. 1993).

'The start/copledon dazes for barrier construcdon for the in-sint disposal altna:ive is based on
WHC-SD-WM-EV-101 (McConville 1995). In situ chemical stabilizadon de=onzainrion and
d - ng ends in 2013, *nd barrier conszuation over the ,nks begins -- 4,e-ly after that
task: it ends in 2030. In si mvitrifidon dezenanindon and denotwissio4ng ends in 2016, and
barriea constructon over the tanks begins im- iae-ly after that task. It ends in 2033. zo ,5Z53

Tne s:: and cotnpledon dates for barrier constrcdon for the extesive orerreatenr alienarives and
the Tri-Parry A gr- t preferred alternative are based upon the assumption that no barrier
cons:r.ctaon over the low-level waste vaults can begin until decon-,mnindon and doommissioning
activities for the facilities end.

Tne sart and coxnmleon dares for -,ded SST closure are based on the Tank Fa- Retieval
Sequence schedule found in WFC-SD-WM-ER-193. Tnis schedule is reproduced in Am endix A.
These figures rzflect work ocurng sequentially (that is. no parallel operations ere used). Tank
stabilizaion ed ancillary equipenwt s:abilization begin as soon as Tank Farm retreval opnratons
end; barrier cOsfl5W4Zfon begins as soon as tanks and ancillary equipment are s:abiMi-ed.

Trhe srt and coxnletion dates for cmded DST closurm ae based upon the assu=don that no tank
or Amcillary equipmet s:abihision &mI begin until treazrent operations end, and no barrier
comsmtion cn begin until tanks and ancillay equipment have been stabilized for each mak cluster.
This dtion wxs used be- no schedule was gcn.--a:d for the retrieval sequence of the DSTs.
Tnese figurs reflect work ou:rring sequentally (that is. no parallel op2:ions were used).

For addi:iozal bankup infornation. see A=pedia A. Tables Al-A9 and A-11.
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Table All. tamie: Cost by Comonent (1994 Dofla-s)

(Backuv for Table 5-1, 5-2D, 5-8 and 5-9).
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Table 9-17. Overall Cost Component. (Milons of 1995 Dollars)

CaPita 3,6101

Operating 3,9QQZ

Research and development 630'

Repository fee 1,750

Other related costs 8,600'

Total S18,500

Notes:

'Total capital cost includis 40% contingency. Contingency is excluded from other
costs.

lncludes start-up, decontaminat'on and decommissioning, and monitoring and
maintenance costs.

3Pg. 130 of Boomer 1994, which was based on a draft of the Tank Wasne Ranedlarlon
Sys=-n Muari-Year Progran Plan (MYPP) (WHC 1994).

"Other related costs are costs defined in the MYPP that should be included in the total
costs, but are not directly related to operations. These costs are:

Program management 51,180
Operations and m--ntcanc 4,290 ( S'Irz
Tank farm safety 440
Tank farm upgrades 1,720
Characterizaion 933

Total SS,563

Round to 58,600 million. These costs are taken as total unescalated costs from the MYPP.

Boomer. K. D., J. M. Colby, T. W. Crawford, J. S. Garfield, C. E. Golberg,
C. E. Leach, D. E. Mitchell, F. D. Nankani, E. J. SIathaug, L M. Swanson, T.
L. Waldo, and C. M. Winkler, 1994, Tank Wase Remediation Sysin Facijy
Configuraion Snudy, WHC-SD-WM-BS-295, Westinghouse Hanford Company,
Richland, Washington.

WHC, 1994, Tank Wanre Remdan ion Sytan Mutlt-Year Program Plan, WHC-SP-1101,
Westinghouse Hanford Company, Richland. Washington.
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Table 5-3B. Comparison of Alternatives by Barrier Construction Resource Requirements
(Units as Indicated). hJE.LS BASE CD:se.

Consruenn'$Wp1s~ 2xefon~ AJr'a Sepm 2nsjt
Land (ha) surface committed'

Temporarily 0 24 4 20 24

Permanently 1 7 -641 17 25

Water (ml) 2 38, -72c>1 ;61 145 38,000 72cr &-7;eO0

Source of water

Energy-

Electrical (GWh) 3 In/a n/a n/a n/a n/a

Propane (m) I //a n/a n/a n/a n/a

Diesel fuel (M
3) 4 45 000 7 ,c666& 1 2,000 45,000 r votO

Gasoline (m3) 1 - 260 4Z 35% 830 2601

Materials

Concrete (in 3) 0 0 0 0 0
Steel (t) 0 0 0 0 0
Asphalt (m3) 2,500 yg1,o 8+;666 /164,000 62,500 cap 80966
Excavation(n)/ 0 0 / 0 0 (m0

Soil (i') '-,000 'rS5;60 /1,320,000 377,000 6 fl6666

Riprap () 38,000 ; / 1,480,000 638,000 93j l 801,000
Gravel/sand (i)' j 15,000 t ,; / 2,250,000 415,000 -g 6

Waste debris 0 0 j 0 0 0
Waste water 0 0/ 0 0 ~0
Sewage 0 0 0 0 0

o~v nez/pensi see..iSZn 4& vl/Vt.-TS nc* 4=)

VA/6LT gzk&-D bwuk& reqsareewaw ' byIa 0L-

kdom: Oa 5epnwnoO, z P-j Lw4L 4anJf,,4 raC)TA*&ns Ttwt

e t P aWAARA T4 17 SCC,%tfS4 thanrg djp,4o Ic4

I;~~~~~? ve' 4  tCkJJgIu~

5-9r
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Table 5-3B. Comparison of Alternatives by Barrier Construction Resource Requirements

- (Units as Indicated). COM

Land (ha) surface committed

Temporarily 20 24 242

Permanently 17 25 -64 17-

Water (m) 2 1 38,000 57,000 145,000 38,0001 -77,00

Source of water

Energy-

Electrical (GWh) 3 n/a n/a n/a n/a n/a

Propane (m) n/a n/a n/a n/a n/a

Diesel fuel (M) 4 45,000 60,000 142,000 45,000 g -96
Gasoline (m3) 260 '350 830 260 5b .36-

Materials

Concrete (n3) 0 0 0 0| 0

Steel (t) 0 0 0 0 0
Asphalt (m') 62,500 81,600 164,000 62,500 !p8cx7l
Excavation (M) 6 0 0 0 0 0

Soil (M3) 7 377,000 535,000 1,320,000 377,000 si7,oa 56;66
Riprap (m') 638,000 809,000 1,480,000 638,000 'gg5s+89!OQ

Gravel/sand (ml) 1 415,000 615,000 2,250,000 415,000
Waste debris 0 0 0 0 0
Waste water 0 0 0 0 0
Sewage 0 0 0 0 0

N'Jos r a 5 -t ,s' CO-,&4; CLLAPj.#nns'W La tav, ,r

s %,Z oF'4Q-a- M A ~Oz

Sapccso-,sat1n

7$ 1 Q.4 bztA

jo SPznc, i- ecr~rf4~

r:r&nw4z

J'-* 'S 9 -i Z( & .,e-M z±tF, - ko <4a& )

~
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f-. Table 5-3B. Comparison of Alternatives by Barrier Construction Resource Requirements

(Units as Indicated).

Land (ha) surface committed,

Temporarily 20 24 24 20 24
Permanently 17 25 64 17 25

Water (m3) 2 38,000 57 ,000 -145,000 38,000 12= X,09G

Source of water
Energy-

Electrical (GWh) 3 n/a n/a n/a n/a n/a
Propane (m3) ry/a n/a n/a n/a n/a

Diesel fuel (M 3) 4 45,000 60,000 142,000 45,000 r720,V 59966

Gasoline (m3) 260 350 830 260 42.65

Materials
Concrete (mn3) 0 0 0 0 0

Steel (t) 0 0 0 0 0
Asphalt (m) 62,500 81,600 164,000 -62,500 80V-
Excavation (m3) 6 0 0 0 0 0

Soil (m3) | 377,000 535,000 1,320,000 377,000 6, 4 m526;66e

Riprap (m) 638,000 809,000 1,480,000 638,000 34' 8O;60
Gravel/sand (m)' 415,0001 615,000 24250,000 415,000 744=59&660
Waste debris 0 0 0 0 0
Waste water 0 0 0 0 0
Sewage 0 0 0 0 0

XUt o c sai. CA aern~aP (Vtu 'j AL-

5-9
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Table 3.6.1 Borrow Site Summary - Materials Used During Construction and Operations

Alternative Borrow Type Amount (in' ftij) Location

No Action (Tank Waste) N/A N/A N/A

Long-Term Management N/A N/A N/A

In Situ Fill and Cap Aggregate 690.000 (2.5E+07) Pit 30

In Situ Vitrification Sand 540,000 (1.9E+07) Pit 30

Ex Situ Intermediate Separations Aggregate 317.000 (1.1E+07) Pit 30

Ex Situ No Separations
- Vitrification Aggregate 123,000 (4.4E+06) Pit 30
- Calcination Aggregate 123,000 (4.4E+06) Pit 30

Ex Situ Extensive Separations Aggregate 372,000 (1.3E+07) Pit 30

Ex Situ/In Situ Combination Aggregate 410.000 (1.5E+07) Pit 30

Phased Implementation (Phase I only) Aggregate 12.000 (4.3E+05) Pit 30

Phased Implementation (Phase 2) Aggregate 159,000 (5.7E+06) Pit 30

Notes:
N/A = Not Applicable

Table 3.6.2 Borrow - Materials Used for Backfill of pty Tanks for all Ex Situ Alternatives

Alternative Method Kind Amount (m' Iftij) Location

Ex Situ (all) Tank Stabilization Aggregate 754,000 (2.7E+07) Pit 30
zs sq,a"-

Ex Situ/In Situ Combination Tank Stabilization Aggregate -4&200-(1.6E+07) Pit 30

Phased Implementation (Phase 2) Tank Stabilization Aggregate 754,000 (2.7E+07) Pit 30

Table 3.6.3 Borrow - Materials Used for Construction of Hanford Barriers

Alternative Borrow Kind Amount (Wn Ift']) Location

In Situ Fill and Cap, In Situ Vitrification, Silt 377,000 (1.3E+07) McGee Ranch
Ex Situ No Separations Riprap 638.000 (2.3E+07) Vernita Quarry

Aggregate/Sand 415.000 (1.5E+07) Pit 30

Ex Situ Intermediate Separations. Extensive Silt 645jiW £3Q00 (1 E McGee Ranch
Separations, or Phased Implementation itiprap 931ou 895& l (2# '+07) Vernita Quarry
(Phase 2) 2 Aggregate/Sand 64,, 6060G (22E+07) Pit 30

Ex Situ/In Situ Combination Silt S1tro +07) McGee Ranch
Riprap -7 (Ac07) Vernita Quarry
Aggregate/Sand 5 ) . (2.5E+07) Pit 30

Includes mat 7Includes materials to construct barriers over tank farms.
Includes materials to construct barriers over tank farms and the LAW diosal

N/A Not Applicable I
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WHC-SD-W058-FDC-001
Revision 3

3.3 RANGE OF OPERATION

*he prirrary an~d nz::rmdtky r~tin n Fik - z :11 :s~ lpntt

Desion Parameters

Achievable desion velocity 4.5 ft/s 6.0 ft/s

Specific gravity 1.5 1.25
Viscosity 30.0 cP 10 cP
Solid content 30.0 displacement vol% 20.0 displacement vol%

Miller number <100 <100
Minimum pH (Harris 1992)

Transfers/flushes 11A 11.0
Temperature
Transfers/flushes 35 to 200 'F 35 to 200 'F

Insulation Required . Required'
Particle size 0.5 to 4,PO 9p . 0.5 to 4,000 Am
Friction factor a Newtonian flow

3.4 PIPING

The pipeline system shall consist of pipe-in-p pe transfer lines in a
routing configuration as shown in Figure 1-2. The pipe-in-pipe transfer lines
shall comply with the secondary containment requirements in WAC 173-303-400;
WAC 173-303-640; and DOE Order 6430.1A, General Design Criteria (DOE 1989).

The primary piping shall be 304L stainless steel and the encasement
piping shall be carbon steel -(Parsons 1994). The piping components shall be
chemically compatible with the alkaline radioactive mixed liquid waste listed
in Appendix A. The system 41so shall be designed with a 230 psi relief valve
to prevent overpressurization of the existing connecting transfer line
network. Pump 102-SY will be capable of supplying 140 gal/min and 20 ft of
net-positive suction head to the suction of the Project W-058 booster purnpt-.

All pipe and pipe fittings outside the diversion boxes and other boxes -
are to (1) be joined with welds, (2) be provided with the capability for
periodic pressure tests, and (3) have water flush capabilities. Piping within
the boxes may be joined via jumpers, welds, or mechanical means, emeest
atl-.zV ;-.: th:.d ..r.;ct-':as p~r~euired for transfer flexibilit and ease
of maintenance. ~

0- to 50-pn particles will comprise approximately 95% of total.
SO- to 500-gm particles will comprise <5% of total.
500- to 4.000-m particles will comprise <1% of total.

3-2

3-2



02/29/96 13:38 e 003

post-ir Fax Note 7571

WHC-SD-WO58-FDC-001 cdDp C
Revision 4

3.4 PIPING

The pipeline system shall consist of pipe-in-pipe transfer lines in a
routing configuration as shown in Figure 1-2. The pipe-in-pipe transfer lines
shall comply with the secondary containment requirements in WAC 173-303-400;
WAC 173-303-640; andOE Order 5430.1A, General Design Criteria (DOE 1989).

The primary piping shall be 304L stainless steel and the encasement
piping shall be carbon steel (Parsons 1994). The piping components shall be
chemically compatible with the alkaline radioactive mixed liquid waste listed
in Appendix A. The system also shall be designed with a 230 psi relief valve
to prevent overpressurization of the existing connecting transfer line
network. Pump 102-SY will be capable of supplying -140 gal/min and 20 ft of
net positive suction head to the suction of the Project W-058 booster pump(s).

All pipe and pipe fittings outside the diversion boxes and other boxes
are to (1) be joined with welds, (2) be provided with the capability for

.periodic pressure tests, and (3) have water flush capabilities. Piping within.
the boxes may be joined via jumpers, welds, or mechanical means as required
for transfer flexibility and ease of maintenance. However, national pipe
thread connections shall not be used for piping in contact with the waste.
Provisions for maintenance shall be incorporated.

The system shall be designed and constructed to minimize the settling of
solids in the pipes, pipe fittings, or other piping components during and
after the batch transfers. The system also shall be designed such that the

Table 3-1. Design Parameters.
Achievable design velocity 4.5 ft/s . 6.0 ft/s

Specific gravity (mixture) 1.5 1.25
Viscosity -30.0 cP 10 cP
Solid content 30% solids 20% solids

Miller number volume fraction volume fraction,

Minimum pH (Harris 1992) <100 <100
Transfers/flushes
Temperature 11.0 11.0
Transfers/flushes

Insulation 35 to 200 *F 35 to 200 *F
Particle size* Required Required
Friction factor 0.5 to 4,000 pm 0.5 to 4,000 gm

0.0404 (non-Newtonian) Newtonian flow

-Achievable design velocity is the theoretical velocity at which the
pumped materials with the characteristics shown in this table can be
transferred. It is not intended or implied that these velocities are the
optimal transfer velocities for waste with the given characteristics.

0- to 50-pm particles will comprise approximately 95% of total.
50- to 500-pm particles will comprise <5% of total.
500- to 4,000-um particles will comprise <1% of total.

.Zt41 . 9o/ /faO 92.- £d f6(iL
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Table 5-13. Comparison of Alternatives by Process Module for Retrieval and Transfer:
(Millions of 1995 Dollars)'.

4,

~ A: st4 A

SST retrieval

4D

$0 $0 $2,508 '- $2,508 j$2,508

SST confinement $0 $0 $1,492 $1,492 $1,492

SST waste traimcers $0 $0 $1,956 $1,956 $1,956

SST sukurfice $0 $0 $768 $768 $768
barritrs

DST retrieval $2,198 $0 $1,306 . $1,213 $1,306

DST waste Iransfers $272 $0 $458 $344 $458

MUST retrieval $0 $0 $74 $74 $74

MUST waste transfers $0 $0 $93 $93 - $93

Total $2,470 $0 $8,657 $8,466 '$8,657,

Note:

DST = doulue-shell tank
MUST - miscellaneous underground stornge tanks
SST - singic-shell tunk
TPA = Tri-Party Agreetfent

'For basis of estiIate. see Appendix A. Backup to Table §rn3, Overall Retrieval Costs for no actinn alternative.
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Table 5-14. Comparison of Alternatives by Overall Cost Component for Retrieval and Transfer
(Millions of 1995 Dollars).

Cost 66ipo nen t Acin Disposal Pretre"tti116M
_______________ __ActiontK

Capital' $1,930 $0 $3,270 $3,270 $, 70.

Operating' $440 $0 $5,180 $4,990 1 $5,180

Research and $100 $0 $210 $210 '$210
Development'

Total " $2,470 $0 1 $8,660 '. $8,470 . $8,660

Notes:

TPA Tri-Party Agreement

-For basis of ciipitat cost estiimate, see Table 5-IS.

'For.basis of operaling cost L'Simate, scu Table 5-16..

'Research and development cost is estimated as 5 percent or capital cost.
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Backup to Table 5-13. Overall Retrieval Costs for Tri-Party Agseement and
Extensive Separations Alternatives (2 sheets).

Do ap ras V puir U.. Mil k

SSTs

Retrieval
Arm-based $283 -13,514,932 $1,069 $0 $57 $1,408
Sluicing $579 6,224,163 $492 $0 $29 $1,100

Conflnement
Arm-based $587 11,080,075 $876 $0 $29 $1,492
Sluicing $0 0 $0 $0 $0 $0

Barriers -390----,54R6;40- - $359 - -- .420.

Transfer
Pipeline $408 19,329,408 $1,528 $0 $20 $1,956
Container $0 0 $0 $0 $0 $0

SST Total = $2,247 54,688,639 $4,324 $0 $155 ,$63-
DSTs

Retrieval
Mixer pumps $916 3,172,608 $251 $0 $46 $1,213
Sluicing $48 541,987 $43 $0 $2 $93

Transfer
Pipeline $0 5,798,822 $458 $0 $0 $458

DST Total = $964 9,513,418 $752 $0 $48 $1,764

MUSTS

Retrieval
Sluicing $39 421,546 $33 $0 $2 $74

LA

en

tdI



Backup to Table 5-13. Overall Retrieval Costs for Tri-Party Agreement and
Extensive Separations Alternatives (2 sheets).

Transfer
Container $23 870,998 $69 $0 $1 $93

MUST Total = $62 1,292,544 $102 $01 $3 $167
Retrieval = $3,273 65;494,600 $5,177 $0 $207 $8,657

Notes:

DST n double-shell tank n
MusT - mluiscellancius luderground siorage lank -
SST r single-shell tunk

As indicated in Seuion 5.0. the values in these tables are imported from sprendsheet calculations. The number of significant
figures shown does not imply level of accuracy or degree of confidence in the estimated values.

See Notes to Backup Table 5-6 Construction Staff Hours for capital cost basis.

See Table 5-1 and Tnble 5-16 for operating cost staff hours and basis.

D&D cost basis is included in operating cost, and is based on entombment in place, per the Hanford Mission Plan, W
DOE/RL-93-102.

Operating cost includes startup cost.

Retrieval R&D cost is assumed to be 5 percent of retrieval capital cost, except R&D cost for arm-based SST retrieval includes
additional $43 million for SST retrieval test facility.

Boomer, K. D., et al., 1993, Tank lWasre Technical Options Report, WHC-EP-0616, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.
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Table 9-17. Overall Cost Component. (Millions of 1995 Dollars)

Iapital 3,tJU

Operating 3,9002

Research and development 630

Repository fee 1,750

-eterrdate1d-EstI

Total -=__;f__- f_ _

Notes:

1Tatal capital cost includes 40% contingency. Contingency is excluded from other
costs.

2Includes start-up, decontamination and decommissioning, and monitoring and
maintenance costs.

'Pg. 130 of Boomer 1994, which was based on a draft of the Tank Waste Remediation
System Multi-Year Program Plan (MYPP) (WEC 1994).

'Other related costs are costs defined in the MYPP that should be included in the total
costs, but are not directly related to operations. These costs are:

Program management $1,180
Operalions and mainte-nce 4,290
Tank farm safety 440
Tank farm upgrades 1,720
Characterization 933

Total $8,563

Round to $8,600 million. These costs are taken as total unescalated costs from the MYPP.

Boomer, K. D., J. M. Colby, T. W. Crawford, J. S. Garfield, C. E. Golberg,
C. E. Leach, D. E. Mitchell, F. D. Nankani, E. J. Slaathaug, L. M. Swanson, T.
L. Waldo, and C. M. Winkler, 1994, Tank Waste Remediarion System Faciliry
Configuration Study, WHC-SD-WM-ES-295, Westinghouse Hanford Company,
Richland, Washington.

WHC, 1994, Tank Wate Renediation System Multi-Year Program Plan, WHC-SP-1101,
Westinghouse Hanford Company, Richland, Washington.

9-25

I



F.11 Backup for Table 9-16

Sludge wash

Cesium removal

Centralized facilities

LLW vitrification

LLW disposal

IILW vitrification

HLW trnnsportation

HLW disposal

Total

Notes:

Table F-36. Total Cost by Unit Operation.

$43 $129 $6 $2 $12 $6

$380 $276 $54 $21 $105 $56

$520

$1,300 $624 $170 $68 $332 $176

$16 $9 $4 $17 $9 $225

$1,400 $639 $70 $78 $384 $126

$24

$239

$3,643 $1,70 $308 $173 $850 $373 $225 $239

Table values are in millions of 1995 dollars.

'p
\0
N)

$9

$83

$264

$14

$260

$630

$207

$975

$520

$2,934

$294

$2,957

$24

$1,989

$9,900

$1,750

$1,750

K

K



WHC-SD-WM-EV-101 Rev. B

.Table 7-17. Comparison of Alternatives by Overall Cost Component
(Millions of 1994 Dollars).

~9neN,~SfS a>1nv: .il Vitrification
Capital' 4,300 I5Q///f 4,700
Operating 2  4,200 -5%0-.// 4,800

Monitoring/maintenance n/a n/a n/a
(after closure)3

Research and development' -- 10 67

Total 8,500- 9,6?0

Notes:

'Capital cost - See Table 7-18

2Operating cost - See Table 7-19

3Monitoring and maintenance costs are provided in the Closure Technical Dara Package for
the Tank Waste Remediation Sysrem Environmenral Impact Statement (Scanlon et al. 1995).
4Radio frequency drying will require two years of research and development at S5 million per
year, based on engineering judgement.

The in situ vitrification option will require seven years of research and development at a total
cost of $67 million. This is an escalated Pacific Northwest Laboratory estimate shown in
PNL-7499 (Koegler 1990).

Koegler, S. L., 1990, Underground Tank Vinrrication Project Plan, PNL-7499, Pacific Northwest
Laboratory, Richland, Washington.

Scanlon, P. L., H. Hampt. W. A. Skelly. 1995. Closure Technical Data Pakcagefor the Tank Wasre
Remediasion System, Draft. Westinghouse Hanford Company, Richland, Washington.
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Table 7-18. Comparison of Alternatives by Capital Cost Component
(Millions of 1994 Dollars).

Labor 2,600 5 2,800

Materials/Supplies 1,450 k/S 1,550

Equipment 20 '4L /// 50

Local Purchases 260 '21 19 280

Total 4,300 -*O /-r 4,700

Notes:

'Tables M4-5 (Stabilization by Grout Capital Cost) and F7-7 (Tank Farm Confinement
Capital Cost) of the Tank Waste Technical Options Report (Boomer et al. 1993) were used

242-A Evaporator
Capital cost = 0

Tank Farm Confinement Facility
Labor
MIS
Equipment
{Local purchases
Total

Grout nixing
Labor
M/S
Equipment
{Local purchases
Total

$2,600 million
$1.700 million
so
0.15(MIS + Equipment)}
54,300 million

S 5.6 million
513 million
$21.5 million
0.15 (MIS + Equipment))
$40 million

2SD-WM-TI-111 Rev 1 (Higley 1985). was used as a basis for one radio frequency drying
system. Forty-five systems are used. Table MS-5 (Stabilization by Gravel Capital Cost
Estimate) of the Tank Waste Technical Options Report was used as a basis for the Gravel
Fill estimate.

242-A Evaporator
Capital cost 0

7-31
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Table 7-18. Comparison of Alternatives by Capital Cost Component
(Millions of 1994 Dollars).

Notes: (Continued)

Ra Freuenc Dryin
Labor = $0
M/S =- 0
Equipment = 4&gilion
(Local purchases = 0.15(MIS + Equipment)) /&

.Total = $121 million

P1 /I-
t~x /,-/t 5/j

Gravel Fill
Labor
MIS
Equipment
(Local purchases
Total

= S 5.4 million
Einilion ?}>

S 6.4 million
= 0.15 (MIS + Equipment)} -3
=,$25 million'l

'Tables M9-4 (In Situ Vitrification Capital Cost Summary modified to include sand
excavation) and F7-7 (Tank Farm Confinement Capital Cost) of the Tank Waste Technical

Options Report were used as a basis.

242-A Evaporator
Capital cost

TFCF
Labor
MIS
Equipment
(Local purchases
Total

In Situ Vitrification
Labor
MIS
Equipment
{Local purchases
Total

= 0

52,600 million
$1.700 million
so
0.15 (MIS + Equipment)}
54,300 million

S163 million
$123 million
S 64 million
0.15 (MIS + Equipment)}
$350 million

Boorner, K. D., S. K. Baker, A. L. Boldt. J. D. Galbraith, J. S. Garfield, C. E. Golberg,
B. A. Higley, L. J. Johnson. M. J. Kupfer, R. M. Marusich, R. J. Parazin, A. N. Praga,
G. W. Reddick, E. J. Slanthaug. L. M. Swanson, T. L. Waldo, C. E. Worcester, 1993.
Tank Waste Technical Options Report, WHC-EP-0616, Westinghouse Hanford Company,
Richland, Washington.

Higley, B. A., 1985, Hanford Defense Waste environmental Impact Statement Working Papers -
Existing Tank Waste, SD-WM-TI-1 11 Rev. 1. Rockwell Hanford Operations, Richland,
Washington.
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

~Opeii4~ost ampa P11 24 itrification3

Labor 2,100 2,600

Materials/Supplies 10 100

Equipment 110 3a 3 24

Local purchases 20 40 /1 22

Startup 370 92 430

DecoAtarnination and 1,600 1,600
decommissioning

Total 4,200 4,800

Notes:

'In situ chemical stabilization
242-A Evaporator 5-year operating life
Total operating cost = $127 million
Annual operating cost = $15 million

Following numbers based on previous operation of 242-A Evaporator:
Labor = 59 Exempt x 130,000 per year = S8 million per year x 5 years = S40 million
60 Nonexempt x 50,000 per year S3 million per year x 5 years = S15 million
Materials/Supplies = SI million per year x 5 years = S 5 million
Equipment (Upgrade cost = $13 million) = S3 million per year x 5 years = $15 million
(Local purchases = 15% of (Materials/Supplies + Equipment))
Total = $15 million per year = S75 million
Startup = 2 years operating cost

= 2 (15 million)
= $30 million

Decontamination and decommissioning = 2 years operating labor + 0.3 (capital cost)
2 ($11 million) + 0.3(0)

= $22 million

Tank Farm Confinement Facility (TFCFI (Grout) = 2-year operating life
Total operating cost = S2100 million
Annual operating cost = $153 million

7-33
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

Notes: (Continued)

Following numbers based on Tables F7-8 and F7-9 of the Tank Waste Technical Oprions Report
(Boomer et al. 1993), modified to include 15-m (48-ft)-dia. dome penetration.

(Labor = 239 Exempt x 130,000 per year = $31 million per year x 2 yr = S 62 million
/00-T' 83 Nonexempt x 50,000 per year = S 4 million per year x 2 yr = S 8 million

683 Bargaining units x 90,000 per year = $62 million per year x 2 yr = $124 million
Labor Total = $97 million per year x 2 yr = 5194 million

Materials/Supplies
Electricity = 4 E4 kwh x $0.025/kwh = $1,000 per year x 2 yr = $2,000
Equipment = $53 million (1993) x 1.05 - $55.7 million per year x 2yr = S111 million
(Local purchases = 15% of (Materials/Supplies + Equipment)}
TFCF Total = $153 million per year = $305 million

Startup = 2(S153 million) = $306 million
Decontamination and decommissioning = 2(597 million) + 0.3(S4,300 million) = S,484 million

Grout MiXins = 2-year operating life
Total operating cost = $100 million
Annual operating cost = $16.5 million

Following numbers based on Tables M4-6 and M4-7 of the Tank Waste Technical Options Report.
modified to include mixing systems.
Labor 36 Exempt x 130,000 per year = S4.7 million per year x 2 yr = $9 million

// 15 Nonexempt x 50,000 per year = $0.8 million per year x 2 yr = S2 million
C90 Bargaining units x 90,000 per year = $8.1 million per year x 2 yr = $16 million

Labor Total = $14 million per year x 2 yr = $28 million

Materials/Supplies
Water (includes potable water for all in situ chemical stabilization personnel) -//4/',pcGPo e

1.2 E6 m3 x S3/M3 = $3,500,000 00 000 r= 5,:2 
Electricity = 1.6 E6 kwh x $0.025/kwh = S 40.000
Cement = 7.1 E6 kg x $0.09/kg = $640.000
Flyash = 71.2 E6 kg x $0.04/kg = $2,850,000
M/S Total = $3.5 million per year x 2yr = $7.0 million
Equipment = S643,500 (1993) x 1.05 = $680,000 per year x 2yr = S1.4 million
(Local purchases = 15% of (Materials/Supplies + Equipment)}

Startup = 2($18 million) = $36 million
Decontamination and decommissioning - 2(14 million) + 0.3(540 million) = $40 million

Additional Staffing (includes Program Management, Operations and Maintenance, Tank Safety, Tank
Upgrades, and Characterization)
Exempt = 6.1 E3 staff-yrs x $130,000/staff-yr = $790 million
Nonexempt = 1.2 E3 staff-yrs x $50,000/staff-yr = S 61 million
Bargaining units = 1.0 E4 staff-yrs x $90,000/staff-yr = $940 million
Total = $1,800 million
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

Notes: (Continued)

'Drying and Gravel Fill:

242-A Evaporator = 5-year operating life
Total operating cost - $127 million'
Aauual uPEcxt4nzg ...ua- $4515 i i

Following numbers based on previous operation of 242-A Evaporator:
Labor = 59 exempt x 130,000 per year = $8 million per year x 5 yr = S40 million

60 nonexempt x 50,000 per year $3 million per year x 5 yr = $15 million
* Materials/Supplies = SI million per year x 5 yr $ 5 million

Equipment (Upgrade cost = S13 million) = $3 million per year x 5 yr $15 million

Total - $15 million per year $75 'iii zs
Startup - 2 years operating cost

= 2 (315 million)
= $30 millioi'

Decontamination and dec6mmissioning 2 years operating labor + 0.3(capital cost)
2 ($11 million) + 0.3(0)

= $22 million"

Radio Frecuencv Drying = 9-year operating life
Total operating cost =tis-miiioy-6
Aual Iy.. - $12 allio.z

Labor 13 Exempt x 130.000 per year = $1.7 million per year x 9 yr = $15 million
3 Nonexempt x 50,000 per year 50.2 million per year x 9 yr = S 2 million 7
77 Bargaining units x 90,000 per year = $6.9 million per year x 9 yr = $62 million

-Total Labor = $9 million per year =tSS0iiHi-

Materials/Supplies -29
Electricity = I.1E8 kwh x S0.025/kwh = $2.8 million per year x 9 r
Water (includes potable water for all drying and gravel fill staff*r=-Z Pt

= 1.1 E6 m3 x S3/zn= 5370,000 per year x-9y;r =S-3-milli&'
Equipment - 0 3

Total= 512 million- S108 million
Startup - 2(S12 million) =tS2i4$illjii
Decontamination and decommissioning = 2($9 million) + 0.3(S121 million) t'$54 Tiullionin

Gravel Fill 4-year operating life
total 0pe-'ijig~~Ly$fjIli E7
Annual operating cost = $19 million

_t? %s5.Q3m7

& JceA121 /
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Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

Notes: (Continued){ Labor 47 exempt x 130,000 per year = $6.1 million per year x 4 yr = S24 million
/3 14 nonexempt x 50,000 per year = $0.7 million per year x 4 yr = 3 million

70 Bargaining units x 90,000 per year = $6.3 million per year x 4 yr = $25
Total Labor = $13 million per year $ $52 million'

(S0 4
e.j-tz7

~ -1 ~
-LI

Materials/Supplies - .
Electricity = 5E4 kwh x $0.025/kwh = S1250 per year x 4 yr = S 0 million
Equipment = $6 million per year x 4 yr = S24 millioi
{Local purchases = 15% of (Materials/Supplies + Equipment)}
Total = $19 million = $76 million

Startup = 2 ($19 million) = S38 million:
Decontamination and decommissioing =2(S13 million) + 0.3(524 million) =.S33 millii!

Additional Staffing (includes Program Management, Operations and Maintenance, Tank Safety. Tank
Upgrades, and Characterization)

-*Oe Exempt = 8.8 E3 staff years x S130,000/staff years = S1,100 million
Nonexempt = 1.8 E3 staff years x S50,000/staff years = S 88 million
Bargaining units = 1.5 E4 staff years x $90,000/staff years $ S1,100 million
Total = 52,500 million

3In Situ Vitrification
242-A Evanorator
Total operating cost
Annual operating cost

5-year operating life
$127 million
$15 million

Following numbers based on previous operation of 242-A Evaporator:
Labor = 59 exempt x 130,000 per year = $8 million per year x 5 yr = $40 million

60 nonexempt x 50.000 per year = S3 million per year x 5 yr = $15 million
Materials/Supplies = S million per year x 5 yr = S 5 million
Equipment (Upgrade cost = S13 million) = S3 million per year x 5 yr = $15 million
{Local purchases = 15% of ( millionaterials/Supplies + Equipment)}
Total = $15 million per year = $75 million

Startup 2 years operating cost
= 2 ($15 million)
= $30 million

Decontamination and decommissioning = 2 years operating labor + 0.3(capital cost)
= 2 (511 million) + 0.3(0)
= $22 million

Vitrification = 5-year operating life
Total operating cost = 52400 million
Annual operating cost = 5110 million per year

7-36
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'/7/9

Table 7-19. Comparison of Alternatives by Operating Cost Component
(Millions of 1994 Dollars). (5 sheets)

Notes: (Continued)

Following numbers based on Tables M9-5 and M9-6 of the Tank Waste Technical Options Report.
Labor 292 exempt x 130,000/year = 338 million per year x 5 yr = $190 million

131 nonexempt x 50,000/year = S 7 million per year x 5 yr = S 35 million
437 Bargaining units x 90,000/year - S39 million per year x 5 yr = S195 million

Labor Total = $84 million per year = $420 million

Materials/Supplies
Water (includes potable water for all in situ vitrification staff)

Electricity
Limestone
Propane
Ammonia
M/S Total
Equipment
Total

= 1.2 E6 n x $3/& $3.6 million
= 4.4 E9 kwh x SO.025/kwh = S110 million

= 1.1 E7 kg x $0.09/kg = $990,000
= 1.1 7 kg x $0.02/kg = $220,000
= 6.8 E5 kg x 30.38/kg 3 S260,000
= 523 million per year x Syr = $115 million
= $2.4 million (1993) x 1.05 = $2.5 million per year x Syr = S 12.5 million
= $110 million per year = $545 million

Startup = 2(3110 million) = $220 million
Decontamination and decommissioning = 2(384 million) + 0.3(S4650 million) = $1563 million

Additional Staffing (includes Program Management, Operations and Maintenance. Tank Safety, Tank
Upgrades, and Characterization)
Exempt - 7.2 E3 staff years x 5130.000/staff years = S 930 million
Nonexempt = 1.4 E3 staff years x 550.000/staff years = S 72 million
Bargaining units = 1.3 E4 staff years x S90.000/staff years = SI.100 million
Total = $2,100 million

Boomer, K. D., S. K. Baker, A. L. Boldt, J. D. Galbraith. J. S. Garfield. C. E. Golberg.
B. A. Higley, L. J. Johnson, M. J. Kupfer. R. M. Marusich. R. J. Parazin. A. N. Praga.
G. W. Reddick, E. J. Slaathaug, L. M. Swanson. T. L. Waldo, C. E. Worcester. 1993. Tank Waste
Technical Options Report, WHC-EP-0616, Westinghouse Hanford Company. Richland, Washington.
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Capital Cost In Situ Disposal Extensive Extensive No Separations Tri-Party
Component Pretreatment Pretreatment Agreement

Option A 'Option B Preferred
Alternative

Grout/Gravel Grout/Gravel Grout/Gravel Grout/Gravel

Labor 529.5 552.1/558.1 97.9/1304 342.7/548.7 S51.6157.6

Materials & 528.5 S42.9/$37.4 S81.1/575.6 S34.1/S28.6 S42.5/537.0
Supplies

Equipment 50.25/50.35 50.25/0.35 S0.25/50.35 50.25/S0.35

Local Purchases 557.5 5130/5121 32.9/$74.5 S,.3.iJi.
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-::: I I II I I i_ _

EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport jtotal I I

Onsite Truck 1.25E+041
T - __ _iTotalI 1.25E+04

Construction
Offsite Truck trips/yr km/trip yr total

(concrete |4.80E+02 1.40E+02 2.OOE+01| 1.34E+061
|raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipmentl 2.50E+01 1.00E+04 2.00E+01 5.OOE+06
miscellaneous 5.20E+03 1.40E+02 2.OOE+01 1.46E+07
steel W-314 5.30E+01 8.00E+02 4.24E+04
cenent W-314 1.00E+02 1.40E+02 _ 1.40E+04 Total 2.17E+07

Offsite Rail trips/yr km/trip yr total
Iraw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
I borro W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow /4Lr9of -E 1.00E+01 5.20E+05I _Total 5.20E+05

Offsite Truck trips km/trip total
- concrete 6.qS& 0o4 "2.90E+04 1.40E+02 4.06E+06

steel .1 L'+O#4 9.50E+03 8.00E+02 7.60E+06
trips/yr km/trip yr

miscellaneous .-: &26E+03 1.40E+02 1.00E+01 7.28E+061

I 4,_3 E 03 ITotal 1.89E+07

Processing I
j ffsite Truck A /3-y,3 trips/yr km/trip yr total

glassformer/chem -- 2!E+ei 8.00E+02 1.95E+01 3.59E+05
miscellaneous 3 5220E+03 1AOE+02 1.95E+01 1.42E+07

6,wros '-' I, S w: Total 1.46E+07

Offsite Rail ( A'4.qo trips/yr km/trip yr total
-- we.. glassformer/chem .260E+02 8.00E+02 1.95E+01 4.06E+06

-___ _Total 4.06E+06

VITRIFIED HLW TRANSPORT
Offsit Rail i trips km/trp total

-na Yucca Mountain * tOEtO2 2.93E+03 4.98E+05
___1-3 ro± Total 4.98E+05

CLOSURE 1.
Onsite Truck cu yd |trip/cu yd jkm/trip total

fif_ _ 9.86E+051 1.00E-01 1.00E+01 9.86E+051 |_
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Sheet2

EX SITU NO SEPARATIONS ALTERNATIVE ..y f -/e//-//

-RETRIEVAL
Waste Transport total

Onsite Truck 1.25E+04lTotal I 1.25E+04

Cornstucton
Offsite Truck trips/yr km/trip yr total I
- concrete 4.80E+02 1.40E+02 2.OOE+01 1.34E+06
,-raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05

equipment 2.50E+01 1.00E+04 2.OOE+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 5.30E+01 8.00E+02 4.24E+04
cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

--OffsIte Rail trips/yr km/trip yr total
) raw material 1.00E+01 8.00E+02 2.OOE+01| 1.60E+05 Total 1.60E+05

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow -2.82E 4 1.00E+01 2.02E+05 Total 2.02E+05

Offsite Truck | ,g trips km/trip total
Try Cities J4ty*e.r4ct130E04 1.40E+02 1.82E+06 I

.- Portland/Seattle. '5.00E+03 8.00E+02 4.00E+06 I
ts4./~4et/ I trips/yr km/trip yr I

miscellaneous 5.20E+03 1.40E+02 5.50E+00 4.00E+06 Total 9.82E+06

Processing (I A Jo3
Offsite Truck | -trips/yr km/trip yr total

Portand/Seattle -S. E401 8.00E+02 1.40E+01 5.60E+05
e...miscellaneous -:20E±Q3 1.40E+02 1.40E+01 1.02E+07 Total 1.08E+07

Offsite Rail trips/yr km/trip yr total
].,. |Portland/Seattlej/,) 1.Q3E+02 8.OOE+02 1.40E+01 1.15E+06 Total 1.15E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

,.p Yucca Mountain -214E+03 2.93E+03 6.27E+06 Total 6.27E+06

CLOSURE
Onsite Truck cu yd trip/cu yd km/trip Jtotal

_fill | 9.86E+05 1.00E-011 1.00E+01) 9.86E+05 |
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Sheet2.

[EX SITU NO SEPARATIONS ALTERNATIVE -Cjl4 rf1.

RETRIEVAL
Waste Transport I I total I

Onsite Truck I l.25E+04TotalI 1.25E+04

Confstruction
ffsite Trck Itrips/yr Ikm/trip Jyr tota I

-rconcrete I _ I 4.80E+021 1.40E+021 2.00E+01I 1.34E+061
7 raw material I 4.50E+01I 8.00E+02 2.OOE+01 7.20E+051

-- equipmentl 2.50E+01 1.00E+04 2.OOE+01I 5.00E+06 _

miscellaneous J 5.20E+031 1.40E+02 2.00E+01| 1.46E+07
steel W-314 j 5.30E+01 8.OOE+02_ 4.24E+04
cement/misc W-314 1.53E+021 1.40E+02 _ 2.14E+04 Total 2.17E+07

-Offsite Rail trips/yr km/trip yr |total
)Iraw material 1.00E+01I 8.00E+02 2.OOE+01 1.60E+05 Total 1.60E+05

~Onsite Truck 72
I borro W-314 1.38E+031 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION I I
Construction 1 J

Onsite Truck 3-r3-/041 trips jkm/trip total
lborrow / 2.02E+041 1.00E+01 2.02E+05 Total 2.02E+05

Offsite Truck 1 trips km/trip total
- JTry Cities jL.s9-Ee-itai:30E±041 1.40E+02 1.82E+06

Portland/Seattle/,/, lr:6E+31 8.OOE+02 4.00E+06
I _ I Itrips/yr 1km/trip yr
jmiscellaneous 5.20E+03 1.40E+02 5.50E+00 4.00E+06iTotal I 9.82E+06

Processing
c;-t. Offsite Truck g.q- 6 jtripslyr jkm/trip lyr total | |
4r*iegM .Portand/Seattle b5.00E01j 8.00E+02| 1.40E+01 I 5.60E+05 |

miscellaneous I 5.20E+Q3I 1.40E+02 1.40E+01 1.02E+07Total I 1.08E+07

Offsfte Rail I trips/yr km/rip yr total | |
4, IPortiand/Seattle ot I 1,f.3E22 8.00E+02 1.40E+01 1.15E+06Total I 1.15E+06

_ _ _ _ _ _ _ |_ |_ |_ _ _ I _ _

VITRIFIED HLW TRANSPORT
strips jkm/trip total I |

.ee0 JYucca Mountain j -2.:4E+03 2.93E+03 6.27E+06|Total I 6.27E+06

CLOSURE
Onsite Truck cu yd trip/cu yd jkm/trip Itotal

Ifill I 9.86E+051 1.00E-01 I 1.00E+011 9.86E+05
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Sheet3

EX SITU EXTENSIVE SEPARATIONS ALTERNATIVEl

RETRIEVAL
Waste Transport total

Onsite Truck 1.25E+04ITotal I 1.25E+04

Construction
Offsite Truck trips/yr km/trip yr total

1concrete I 4.80E+02 1.40E+02 2.00E+01 1.34E+06
raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipment 2.50E+01 1.00E+04 2.00E+01 5.00E+06
miscellaneous J 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 I 5.30E+01 8.00E+02 | 4.24E+041
cement/misc W-314 1.53E+021 1.40E+02 2.14E+04 Total 2.17E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck
borrow 1.38E+03 1.00E+01 1.38E+04JTotal 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow 441-. . __ -6-_E+04 1.00E+01 6 .10E+05 Total 6.10E+05

Offsite Truck ., / trips km/trip total
Tri-Cities %-+ -2.70E+04 1.40E+02 3.78E+06
Portland/Seattle.an '1.10E+04 8.OE+02 I SOE+06{ 0 qlI4stfijtrips/yr km/trip yr I

~rcm miscellaneous 15.20E+03 1.40E+02 9.OOE+00 6.55E+06 Total 1.91E+07

Processing
FM3 Offsite Truck ;,5 trips/yr km/trip yr total

- glassformer/chem 5.13E+02 8.00E+02 1.60E+01 I 6.57E+061
]miscellaneous a-&201+03 1.40E+02 1.60Et01 1.16E+07 Total I 1.82E+07

Offsite Rail trips/yr km/trip yr total I I
glassformer/chem ___E__2 8.OOE+02I 60E+01 8.15E+06 Total 8.15E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

. JYucca Mountain a OOE:.!i 1 2.93E+03 2.93E+04Totl I 2.93E+04

CLOSURE
Onsite Truck }cu yd trip/cu yd jkm/trip jtotal

Ifill I 9.86E+051 1.00E-011 1.00E+01I 9.86E+05

Page 8
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4AW O1-, ?,- q

IEX SITU COMBINATION

RETRIEVAL
Waste Transport total

Onsite Truck 0.OOE+001 I

Construction
Offsite Truck |trips/yr km/trip yr total

7concrete |__ 2.40E+02 1.40E+02 2.OOE+01 6.72E+05
raw material 2.25E+01 8.OOE+02 2.OOE+01 3.60E+05
equipment| 1.25E+01 1.OOE+04 2.00E+01 2.50E+06
miscellaneous 2.60E+03 1.40E+02 2.00E+01 7.28E+06
steel W-314 5.30E+01 8.00E+02 4.24E+04
cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 1.09E+07

Offsite Rail trips/yr km/trip yr total
raw material 5.00E+001 8.00E+02 2.00E+01 8.00E+04 Total 8.00E+04

-Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck Itrips km/trip Itotal
borrowIIIhI 2.60E+04 1.00E+01 2.60E+05 Total 2.60E+05

Offsite Truck jI(,oa trips km/trip [total
concrete - 1.45E+04 1.40E+02 2.03E+06

- steel z .,',S 4.75E+03 8.00E+02 3.80E+06
trips/yr km/trip yr

miscellaneous -260E+03 1.40E+02 1:00E+01 3.64E+06 Total 9.47E+06

Processing IA?__r_
y 4&5--Offsite Truck \ trips/yr km/trip yr total

-___ lgIassformer/chem It15E01 8.00E+02 1.95EF01 1.79E+05
miscellaneous -2.60E+03 1.40E+02 1.95E+0I 7.10E+06 Total 7.28E+06

Offsite Rail trips/yr |km/trip yr total
r [glassformer/chem 1A30E02 8.00E+02 4.95E0.1 2.03E+06Total 2.03E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip _total

! Yucca Mountain :50E.+0t 2.93E+03 2.49E+05 Total 2.49E+05

CLOSURE
Onsite Truck . cu yd trip/cu yd ]km/trip total

Ifill I 9.36E+05 1.00E-011 1.00E+011 9.36E+05

Page 32



R caOJ 0. rSheet13

I I I I I_______ Ij I
JPHASE 1 IMPLEMENTATION SUB-ALTERNATIVE

RETRIEVAL

WASTE TRANSFER SYSTEM UPGRADE (W-314)
Onsite Truck trips km/trip total

I borrow 1.38E+03 1.00E+00 1.38E+03 Total 1.38E+03

Offsite Truck
steel 5.30E+01 8.00E+02 4.24E+04
cement 1.00E+02 1.40E+02 1.40E+04 Total 5.64E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
borrow 1.96E+03 1.00E+01 1.96E+04 Total ] 1.96E+04

Offsite Truck j trips km/trip total I
concrete I 1.20E+03 1.40E+02 1.68E+05
steel 7.32E+03 8.O0E+02 5.86E+06
miscellaneous 3.18E+03 1.40E+02 4.45E+05 Total 6.47E+06

Processing
Offsite Truck trips km/trip total

glassformer/chem 3.50E+03 8.00E+02 2.80E+06
glassformer/chem 3.57E+03 1.40E+02 5.00E+05
miscellaneous 5.20E+04 1.40E+02 7.28E+06 Total 1.06E+07

Offsite Rail trips km/trip total
Iglassformer/chem 2.18E+02 8.00E+02 1.74E+05Total 1.74E+05

VITRIFIED HLW TRANSPORT

SITE RESTORATION
Onsite Truck T trips 1km/trip _total

contaminated waste 1.50E+03J 1.61E+01 2.42E+04
noncont, waSte 6.23E+04| 1.61E+01 1.00E+06 Total 1 _03E+06

Page 43
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I I I j I_ _ I I_ _ I_ _

TOTAL ALTERNATIVE

RETRIEVAL
Waste Transport Itotal 1 I _

Onsite Truck 1.25E+04 Total 1.25E+04

ras Construction
Offsite Truck |trips/yr km/trip yr total

:_concrete 4.80E+02 1.40E+02 2.00E+01 1.34E+06
I raw material J 4.50E+01 8.00E+02 2.00E+01 7.20E+05
equipmentl 2.50E+01 1.00E+04 2.OOE+01I 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
borrow (W-314) 1.38E+03 1 .OOE+01 1.38E+04 Total 2.16E+07

Offsite Rail trips/yr km/trip yr total
raw material 1.00E+01 8.00E+02 2.OOE+01 1.60E+05
steel (W-314) 5.30E+011 8.OOE+02 4.24E+04
cement (W-314) 1.00E+02j 1.40E+02 1.40E+04 Total 2.16E+05

VITRIFICATION
Construction

Onsite Truck I,,,/ trips km/trip total
"borrow 1- . 1.00E+01 2.80E+05 Total 2.80E+05

Offsite Truck 3 trips km/trip total
-' (concrete ja.,/-C+oi 1.57E*04 1.40E+02 2.20E+06

* stee$9:7 |q. 7ee. 1.21IE+03 8.OOE+02 9.68E+05
~ miscellaneous 2,92Eo0.4 .1.40E+02 4.09E+06 Total 7.25E+06

AzProcessing
Offsite Truck Ay'3rio4 trips km/trip total

glassformer/chem -1 |Z2E+03 8.00E+02 2.98E+061
miscellaneous =4.03E+05 1.40E+02 1.44E+07
process material .5-E±03 &.40E+02 5.00E+05 Total 1.79E+07

Offsite Rail I trips km/trip total
S. o ffto3 glassformer/chem ..2..5E03 , 8.00E+02 _ _ 2.20E+06 Total 2.20E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

IYucca Mountain -1.70E+02 2.93E+03 4.98E+05 Total 4.98E+05

CLOSURE
Onsite Truck cu yd jtrip/cu yd [km/trip total

Ifill 9.86E+05j 1.00E-01t 1.00E+01! 9.86E+051 I

Page 39
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Sheeti

silt I 6.93E+051 1.00E-011 3.00E+01I 2.08E+061
riprap 1.05E+061 1.00E-011 3.20E+01I 3.36E+061
ag/sand 7.93E+051 1.00E-01I 1.00E+01 7.93E+051

Total 7.22E+06
GROUT FILL IMUST

Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.79E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) I 5.52E+07
Offsite Rail (km) J 4.71E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

7 Const. 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
IOps/D&D 3.74E+04 2.60E+02 1.40E+02 7.41E-01 1.01E+09

Vitrification I
- jConst. 1.98E+04 2.60E+02 1.40E+02 7.41E-01 5.34E+08

lOps/D&D 1.73E+04 2.60E+02 1.40E+02 7.41E-01 4.67E+08
Closure 4.90E+02 2.60E+02 1.40E+02 7.41E-01 1.32E+07

Total 2.31E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 5.52E+07 5.00E-02 2.76E+06
Rail 4.71E+06 5.00E-02 2.36E+051

Suburban I
Truck 5.52E+07 5.00E-02 7.79E+06 1.05E+071
Rail 4.71E+06 5.00E-02 2.36E+051

Rural }
Truck J 5.52E+07 9.00E-01 4.97E+07
Rail 4.71E+06 9.00E-01 4.24E+06

Fatalities/injuries resulting from Truck and Rail transportation accidents
I _ _ urban km Isuburban km Irural km

Itruck rail Itruck - rail Itruck rail
I 2.76E+061 2.36E+051 1.05E+071 2.36E+051 4.97E+07 4.24E+06

urban truck fat/km 1 7.50E-091 2.07E-021 I I I I

Page 2



Sheeti ..a -

urban truck inykm 3.70E-07 1.02E+00 I
urban rail fat/km 1.70E-08 4.01E-031
urban rail in/km 3.30E-08I 7.78E-031
sub truck fatkm 1.30E-08 1.37E-01
sub truck inj/km 3.80E-07 4.01E+00
sub rail fat/km 1.70E-08 4.01E-03
sub rail inykm 3.30E-08 7.78E-03
rural truck fat/km 5.30E-08 2.63E+00
rural truck inykm 8.00E-07 3.98E+01
rural rail fat/km 1.70E-08 7.21E-02
rural rail inykm 3.30E-08 1.40E-01

TOTAL FATALITIES 2.87E+00
TOTAL INJURIES 4.50E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.31E+09 8.98E-09 2.07E+01
injuries 2.31E+09 7.14E-07 1.65E+03

Cumulative fatalities/injuries from traffic impacts

I transport employee TOTAL
FATALITIES 2.87E+00 2.07E+01 2.36E+01
INJURIES 4.50E+01 1.65E+03 1.69E+03

CONSTRUCTION ACCIDENTS
rate person-yr

TRC = 9.75E-02 3.09E+04 = 3011.775
LWC = 2.45E-02 3.09E+04 = 756.805
Fatality = 3.20E-05 3.09E+04 = 0.98848

OPERATION ACCIDENTS
rate person-yr

TRC = 2.20E-02 5.47E+04 = 1203.41
LWC = 1.10E-02 5.47E+04 = 601.71
Fatality = 3.20E-05 5.47E+04 = 1.7504

TOTALS

Page 3
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INJUR I 5.91E+03
FATAL I 2.63E+01
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Sheet2

EX SITU NO SEPARATIONS ALTERNATIVE

-RETRIEVAL
Waste Transport total I

Onsite Truck I 1.25E+04 Total I 1.25E+04

Construction
Offsite Truck Itrips/yr km/trip yr total

concrete I 4.80E+02 1.40E+02 2.00E+01 1.34E+06
- raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05 I

-' equipment 2.50E+01 1.00E+04 2.OOE+01 5.00E+06
miscellaneous 5.20E+03 1.40E+02 2.00E+01 1.46E+07
steel W-314 5.30E+01 8.00E+02 4.24E+04
cernent/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 2.17E+07

--Offsite Rail I trips/yr km/trip yr total
) raw material 1.00E+01 8.OOE+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck I I
1borrowW-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
3 LSt0  Gonstruction ...

Onsite Truck trips km/trig total
S Kborrow /.1,wrldf -24s r+o4 1.00E+01 2.02E+05 Total 2.02E+05

Yqo- p ffsite Truck g trips km/trip total
Try Cities t& -4-3E+04 1.40E+02 1.82E+06

- Portland/Seattle .45.00E+. 5.00E+02 4.00E+06
- -- N 4 trips/yr km/trip yr

miscellaneous & a &-2E+03 1.40E+02 5.50E+00 4.00E+06 Total 9.82E+06

Processing
Offsite Truck -s -4nbtrips/yr km/trip yr total

£it IPortand/Seattle --/ra &E+01 8.00E+02 1.40E+01 5.60E+05

Em63 miscellaneous 5 :2E+03 1.40E+02 1.40E+01 1.02E+07 Total 1.08E+07

Offsite Rail Jtrips/yr km/trip yr total
. Portland/Seattlem t3t6SE+02 5.00E+021.40E+01 1.15E+06fTotal 1.15E+06

VITRIFIED HLW TRANSPORT
Offsite Rail Itrips km/trip total

*.s Yucca Mountain 4 E 2.393E+03 6.27E+06 Total 6.27E+06

CLOSURE
ite Truck cu yd Itrip/cu yd km/trip Itotal I

Ifill |1 9.86E+051 1.00E-01 I 1.00E+01 I 9.86E+051

Page 5
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Sheet2

Isilt I I 4.93E+051 1.OOE-01J 3.00E+01I 1.48E+061
riprap I 8.35E+05 1.00E-01 3.20E+01 2.67E+06
ag/sand I _5.43E+05 1.00E-01 1.00E+01 5.43E+05 Total 5.68E+06

GROUT FILL IMUST i I
Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truick cement 4.63E+02 1.40E+02 6.48E+04 Total 6.48E+04

Onsite Truck (km) 5.93E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 4.23E+07
Offsite Rail (km) 7.58E+06 I

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Coist. 1.06E+04 2.60E+02 1.40E+02 7.41E-01 2.86E+08
Ops 3.15E+04 2.60E+02 1.40E+02 7.41E-01 8.50E+08

Vitrification
Const. 1.48E+04 2.60E+02 1.40E+02 7.41E-01 3.99E+08
Ops 9.78E+031 2.60E+02 1.AOE+02 7.41E-01 2.64E+08

Closure 4.62E+02 2.60E+02 1.40E+02 7.41E-01 1.25E+07
- total- 6.71E+04 . .Total 1.81E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 4.23E+07 5.00E-02 2.12E+06
Rail 7.58E+06 5.00E-02 3.79E+05

Suburban
Truck 4.23E+07 5.00E-02 5.93E+061 8.05E+06
Rail 7.58E+06 5.00E-02 3.79E+05

RuralI
Truck 4.23E+07 9.00E-01 3.81E+07
Rail 7.58E+06 9.00E-01 6.83E+06

Fatalities/injuries resulting from Truck and Rail transportation accidents
urban km |suburban km rural km
truck rail truck rail Jtruck I rail
2,12E+06 3.79E+05 8.05E+06 3.79E+051 3.81E+071 6.83E+06

urban truck fat/km 7.50E-091 1.59E-02
urban truck inj/km 3.70E-071 7.83E-01
urban rail fat/km 1.70E-081 6.45E-03
urban rail inj/km 3.30E-08 _| 1.25E-02
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sub truck fatkm 1 1.30E-081 1 1 1.05E-011 I I
sub truck inj/km 3.80E-071 3.06E+00F _ __

sub rail fat/km 1.70E-08 I 6.45E-031
sub rail inj/km 3.30E-081 I I 1.25E-021
rural truck fat/km 5.30E-08 2.02E+001
rural truck inj/km 8.00-07 F 3.05E+01
rural rail fat/km 1.70E-081 1.16E-01
rural rail inj/km '3.30E-081 2.25E-01

___ TOTAL FATALITIES 2.27E+00 I
TOTAL INJURIES I 3.46E+01 I

Fatalities/Injuries resulting from Employee vehicle accidents

I km rate/km TOTAL
fatalities I 1.81E+09 8.98E-09 1.63E+01
injuries 1.81E+091 7.14E-07 1.29E+03

Cumulative fatalities/injuries from traffic impacts

I transport employee TOTAL
FATALITIES 2.27E+00 1.63E+01 1.85E+01
INJURIES 3.46E+01 1.29E+03 1.33E+03

CONSTRUCTION ACCIDENTS
F rate person-yr

ITRC = 9.75E-02 2.59E+04 = 2521.545
LWC = 2.45E-02 2.59E+04 = 633.619
Fatality = 3.20E-05 2.59E+04 = 0.827584

OPERATION ACCIDENTS I
rate person-yr I

TRC = 2.20E-02 4.13E+04 = 908.161
LWC = 1.10E-02 4.13E+04 = 454.08_
Fatality = 3.20E-05 4.13E+04 = 1.32096

TOTALS i
INJUR 4.76E+03 j I I

IFATAL 2.07E+01 I I I I
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_EXSITU EXTENSIVE SEPARATIONS ALTERNATIVE1 I

RETRIEVAL
Waste Transport _total

Onsite Truck I 1.25E+04 Total I 1.25E+04

Construction I
Offsite Truck 11trips/yr km/trip yr total

concrete I I 4.80E+02 1.40E+021 2.00E+01 1.34E+06
raw material I 4.50E+01 8.00E+02 2.00E+01 7.20E+05

eqimnt I 2.50E+01 1.00E+041 2.OOE+01 I5.OOE+061
_miscellaneous I 5.20E+03: 1.40E+02 2.00E+01I 1.46E+071
I steel W-314 5.30E+01 8.00E+02 i 4.24E+041
cement/miscW-314 1.53E+02 1.40E+02 I 2.14E+04 Total 2.17E+07

Offsite Rail tri ps/yr Jkmitrip jyr total
Iraw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

- Onsite Truck I i
borrow I 438E+03 1.00E+01 I 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction

- Onsite Truck trips km/trip ]total
borrow 1 2.4 j 6:GE+4 1.00E+011 I 6.10E+05 Total 6.10E+05

Offsite Truck I jtrips km/trip I Itotal
-; |Tri-Cities ]i. oF7to4-2-7E+64 1.40E+021 3.78E+06 

Portland/Seattle 2.4 . I 4t6E+04 8.00E+021 8.80E+06
i i Ftrips/yr km/trip jyr I

'miscellaneous 4.2 6:20E+03 1.40E+02 9.00E+00j 6.55E+06 Total 1.91E+07

Processing
Offsite Truck trips/yr km/trip yr total

3.- g qglassformer/chem I 43E2+6E 8.OOE+02 1.60E+01 6.57E+06
- .Imiscellaneous /.z 6-j26E+03 1.40E+02 1.60E+01 1.16E+07 Total 1.82E+07

Offsite Rail trips/yr km/trip yr total
,:%rlm3 glassformer/chem 6.37E+02 8.00E+02 1t60E+01 8.15E+06jTotal 8.15E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

- Yucca Mountain 3, 9e -IOGE01 I 2.93E+03 2.93E+04 Total 2.93E+04

CLOSURE
Onsite Truck _ Cu yd trip/cu yd km/trip Itotal

Ifill 9.86E+051 1.00E-01I 1.OOE+01I 9.86E+051
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silt I 6.93E+051 1.00E- 01' 3002+011 2.08E+061
riprap I I 1.05E+061.00E-01 3.20E+011 3.36E+06
ag/sand I I 7.93E+05 1.00E-01 1.00E+01 7.93E+OJ Total 7.22E+06

GROUT FILL IMUST I I I I i
Onsite Truck sand/gravel 2.20E+03 1.00E+01 2.20E+04 Total 2.20E+04
Offsite Truck cement 4.63E+02 1.40E+021 6.48E+04 Total 6.48E+04

Onsite Truck (km) 7.88E+061
Onsite Rai (km) 

O 

_

Offsite Truck (km) 5.91E+07]
Offsite Rail (km) I 8.34E+061

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Conist. 1.06E+04 2.60E+02 1.40E+021 7.41E-01 2.86E+08
2ps/D&Di 3.74E+04 2.60E+021 1.40E+021 7.41E-01 1.01E+09

Vitrification I I
EConst. 2.58E+04 2.60E+021 1.40E+021 7.41E-01 6.96E+08

Ops/D&D 6.95E+03 2.60E+021 1.40E+02 7.41E-01 1.87E+081
Closure 4.90E+02 2.60E+02 1.40E+021 7.41E-01 1.32E+07T

total 8.12E+04 26+0 ITotal 2.19E+09

Distance traveled in population zones

Urban _Offsite km zone fraction jOnsite TOTALS
Truck 1 5.91E+07 5.00E-02 2.95E+06
Rail 8.34E+06 5.00E-02 4.17E+05

Suburban1 ________ _____ ___

Truck 5.91E+07 5.00E-02 7.88E+06 1.08E+07
Rail 8.34E+06 5.00E-02 4.17E+05

Rural II
Truck 5.91E+07j 9.00E-01 I 5.32E+07
Rail 8.34E+061 9.00E-01 7.51E+06

Fatalities/Injuries resulting from Truck and Rail transportation accidents
I urban km Isuburban km rural km
Itruck )rail . truck raiI truck frail
I 2.95E+06 4.17E+05 1.08E+07 4.17E+05 5.32E+071 7.51E+06

urban truck fat/km 7.50E-091 2.22E-021
urban truck inj/km I 3.70E-071 1.09E+001
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urban rail fat/km I 1.70E-08 I 7.09E-031
urban rail injlkm I 3.30E-081 I 1.38E-021
sub truck fat.km 1.30E-081 i I 1.41E-01
sub truck inj/km I 3.80E-071 I 4.12E+00
sub rail fat/km 1.70E-081 7.09E-03
sub rail inj/km 3.30E-081 1.38E-021
rural truck fat/km I 5.30E-08i I 2.82E+001
rural truck inj/km 8.00E-07 4.26E+01 I
rural rail fat/km 1.70E-08 1.28E-01
rural rail inj/km f 3.30E-08 2.48E-01

TOTAL FATALITIES 3.12E+00
TOTAL INJURIES 4.80E+01

Fatalities/Injuries resulting from Employee vehicle accidents

fkm Irate/km TOTAL I
fatalities 2.19E+09j 8.98E-09 1.97E+01 I
injuries 2.19E+09 7.14E-07 1.56E+031

Cumulative fatalities/injuries from traffic impacts

I transport employee TOTAL
!FATALITIES 3.12E+00 1.97E+01 2.28E+01
INJURIES 4.80E+01 1.56E+03 1.61E+03

CONSTRUCTION ACCIDENTS
1 rate jperson-yr

TRC = 9.75E-02 3.69E+04 = 3596.7751
LWC = 2.45E-021 3.69E+04 = 903.805
Fatality = 3.20E-051 3.69E+04 = 1.18048

OPERATION ACCIDENTS
i I_ rate iperson-yr
{TRC = I 2.20E-021 4.44E+041= 1 975.7
ILWC = 1.10E-021 4.44E+04 = 1 487.85
Fatality = 3.20E-051 4.44E+041= 1.41921

TOTALS ____ | | |
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INJUR I 6.1SE+03
FATAL I 2.S4E+O1
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EX SITU COMBINATION

RETRIEVAL
Waste Transport Itotal

Onsite Truck I I._0E+001
Construction

Offsite Truck trips/yr km/trip yr total
concrete 2.40E+02 1.40E+02 2.00E+01 6.72E+05
raw material 2.25E+01 8.00E+02 2.ooE+01 3.60E+05
equipment 1.25E+01 1.00E+04 2.00E+01 2.50E+06
miscellaneous 2.60E+03 1.40E+02 2.00E+01 7.28E+06
steel W-314 5.30E+01 8.00E+02 4.24E+04
|cement/misc W-314 1.53E+02 1.40E+02 2.14E+04 Total 1.09E+07

Offsite Rail trips/yr km/trip yr total
Iraw material 5.00E+00 8.00E+02 2.00E+01 8.00E+04 Total 8.00E+04

Onsite Truck
borrow W-314 1.38E+03 1.00E+01 1.38E+04 Total 1.38E+04

VITRIFICATION
Construction-

- Onsite Truck trips In/trip total
qborrowbo q e- 126E+-04 1.00E+01 2.60E+05 Total 2.60E+05

Offsite Truck ftrips km/trip total
o concrete . -jq kz4E+04 1.40E+02 2.03E+06

____ steel s±. A-7-SE+03 8.00E+02 3.80E+06
trips/yr km/trip yr

J.3/g~q miscellaneous - e-e3 1.40E+02 4i0OE+01 3.64E+06 Total 9.47E+06

Processing I
Offsite Truck trips/yr km/trip yr total

-m [glassformer/chem h 445E+04 8.00E+02 1.95Ei01j 1.79E+05
Imiscellaneous 260E+03 1.40E+02 1t95E+01j 7.10E+06 Total 7.28E+06

Offsite Rail tnps/yr km/trip yr total
glassformer/chemAtAS4fi±G 8.OE+02 *.95Et01 2.03E+06[Total 2.03E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

I .Yucca Mountain I -5E+et 2.93E+03 2.49E+05ITotal 2.49E+05

CLOSURE
Onsite Truck j cu yd trip/cu yd km/trip Itotal

f I 9.36E+057 1.00E-01 1.OOE+01 I9.36E+051
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silt 5.76E+05 1.00E-01I 3.00E+01I 1.73E+061 I
riprap 9.21E+051 1.00E-011 3.20E+01 2.95E+061
ag/sand 6.43E+05 1.00E-01 T.OOE+01 6.43E+05]Total 6.25E+06

GROUT FILL IMUST 7_
Onsite Truck sand/gravel 2.20E+03 1.00E+01 2T2.20E+04
Offsite Truck cement 4.63E+02 6.48E+04ITotaI 6.48E+04

Onsite Truck (km) 6.55E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 2.77E+07
Offsite Rail (km) 2.36E+06

EMPLOYEE VEHICLE
Retrieval person-yr trip/yr km/trip car pool total

Cohst 6.36E+03 2.60E+02 1.40E+02 7.41E-01 1.72E+08
IOps/D&D 2.24E+04 2.60E+02 1.40E+02 7.41E-01 6.04E+08

Vitrification
Const. 1.19E+04 2.60E+02 1.40E+02 7.41E-01 3.21E+08
Ops/D&D 1.04E+04 2.60E+02 1.40E+02 7.41E-01 2.81E+08

Fill tank
Const. 5.70E+01 2.60E+02 1.40E+02 7.41E-01 1.54E+061
Jps/D&D 1.80E+03 2.60E+02 1.40E+02 7.41E-01 4.86E+07

Closure 5.74E+02 2.60E+02 1.40E+02 7.41E-01 1.55E+07
ITotal 1.44E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 2.77E+07 5.00E-02 1.38E+06
Rail 2.36E+06 5.00E-02 1.18E+05

Suburban
Truck 2.77E+07 5.00E-02 6.55E+06 7.93E+06
Rail 2.36E+06 5.00E-02 1.18E+05

Rural I
Truck 2.77E+07 9.00E-01 2.49E+071
Rail 2.36E+06 9.00E-01 2.12E+061

Fatalities/Injuries resulting from Truck and Rail transportation accidents
(urban km suburban km rural km
truck rakil rail ftruck rail

1.38E+061 1.18E+051 7.93E+06 1.18E+05 2.49E+07 2.12E+06
urban truck fat/km 7.50E-091 1.04E-02 I i

Page 33

j~a- C/Y
J



Sheetl0

urban truck inykm 1 3.70E-071 5.12E-01 I I I I
urban rail fat/km j 1.70E-08 I 2.OOE-03j I
urban rail inj/km I 3.30E-08I 3.89E-031 I I
sub truck fat.km | 1.30E-08 1.03E-01I___
sub truck inj/km I 3.80E-07 3.02E+00j I
sub rail fat/km I 1.70E-08 1 2.00E-03
sub rail inj/km I 3.30E-08 3.89E-031
rural truck fat/km I 5.30E-08 1.32E+O0j
rural truck inj/km I 8.00E-07 1.99E+01
rural rail fat/km 1.70E-08 3.61 E-02
rural rail inj/km 3.30E-08 7.00E-02

TOTAL FATALITIES 1.47E+00
TOTAL INJURIES 2.35E+01

Fatalities/injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 1.44E+09 8.98E-0 1.30E+011
injuries 1.44E+09 7.14E-07 1.03E+031

Cumulative fatalities/injuries from traffic impacts

transport employee JTOTAL
FATALITIES 1.47E+00 1.30E+011 1.44E+01
INJURIES 2.35E+01 1.03E+031 1.05E+03

CONSTRUCTION ACCIDENTS
_ _ _ __ _ _ _rate 1person-yr I
TRC = I 9.75E-02 1.89E+041= 1 1841.873
LWC = I 2.45E-021 1.89E+04 = 462.8295
Fatality = I 3.20E-05 1.89E+04 = 0.6045121

OPERATION ACCIDENTS
I I Jrate person-yr
ITRC = 2.20E-02 3.46E+041= 761.2
LWC = 1.10E-02 3.46E+04= 380.6
Fatality = 3.20E-05 3.46E+04 = 1.1072

TOTALS
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'INJUR F 3.66E+03
FATAL 1.61E+O1

Page 35



~'.0
Sheet13 -444/ '2,r7

I_ _ IIi I I I_ _ I_

PHASE 1 IMPLEMENTATION SUB-ALTERNATIVE

RETRIEVAL

WASTE TRANSFER SYSTEM UPGRADE (W-314)
Onsite Truck trips km/trip total

|borrow 1.38E+03 1.00E+00 1.38E+03 Total 1.38E+03

Offsite Truck
steel 5.30E+01 8.OOE+02 4.24E+04
cement 1.00E+02 1.40E+02 1.40E+04 Total 5.64E+04

VITRIFICATION
Construction

- Onsite Truck trips Ri/trip total
borrow 1.96E+03 1.00E+01 1.96E+04 Total 1.96E+04

Offsite Truck trips km/trip total
concrete 1.20E+03 1.40E+02 1.68E+05
steel 7.32E+03 8.00E+02J 5.86E+06
miscellaneous 3.18E+03 1.40E+021 4.45E+05 Total 6.47E+06

Processing
Offsite Truck trips km/trip ]total

glassformer/chem 3.50E+03 8.00E+02j I 2.80E+061
glassformer/chem I 3.57E+03 1.40E+021 5.00E+05 I
miscellaneous 5.20E+04 1.40E+02 7.28E+06 Total 1.06E+07

II
Offsite Rail trips km/trip total I

glassformer/chem 2.18E+02 8.00E+02 1.74E+5Total 1.74E+05

VITRIFIED HLW TRANSPORT

SITE RESTORATION
Onsite Truck Itrips km/trip 1tota

contaminated waste I 1.50E+03 1.61E+01 2.42E+041
noncont. waste I 6.23E+04 1.61E+01 I 1.00E+06fTotal I 1.03E+06
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GROUT FILL IMUST

Onsite Truck (km) 1.05E+06
Onsite Rail (km) O.OOE+00 *
Offsite Truck (km) 1.71E+07
Offsite Rail (km) 1.74E+05

EMPLOYEE VEHICLE
person-yr trip/yr km/trip car pool total

Cobst. 1.07E+04 2.60E+02 1.40E+02 7.41E-01 2.89E+08
Ops/D&D 6.93E+03 2.60E+02 1.40E+02 7.41E-01 1.87E+08 Total 4.76E+08

Distance traveled in population zones

Urban Offsfte km zone fraction Onsite TOTALS
Truck 1.71 E+07 5.00E-02 8.55E+05
Rail 1.74E+05 5.00E-02 8.72E+03

Suburban
Truck 1.71E+07 5.00E-02 1.05E+06 1.90E+06
Rail 1.74E+05 5.00E-02 8.72E+03

Rural
Truck 1.71E+07 9.00E-01 1.54E+07 I
Rail 1.74E+05 9.00E-01 1.57E+05 I

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km suburban km rural km
truck rail jtruck rail Itruck rail

Im _8.55E+051 8.72E+03 1.90E+06 8.72E+03 1.54E+07 1.57E+05
urban truck fat/km I 7.50E-09 6.41E-031 I I
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urban truck inj/km I 3.70E-071 3.16E-01 I I I I
urban rail fat/km I 1.70E-08I 1.48E-041 I I
urban rail inj/km 1 3.30E-08 I 2.88E-041 - I
sub truck fat.km I 1.30E-08 2.47E-02
sub truck inj/km 3.80E-07 7.23E-01
sub rail fat/km 1.70E-08 1.48E-041 I
sub rail inj/km 3.30E-08 2.88E-041
rural truck fat/km 5.30E-08 8.16E-01
rural truck inj/km 8.00E-07 1.23E+01
rural rail fat/km 1.70E-08 2.67E-03
rural rail i /km 3.30E-08 5.18E-03

TOTAL FATALITIES :8.50E-01 I
TOTAL INJURIES .34E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 4.76E+08 8.98E-09 4.27E+00
injuries 4.76E+08 7.14E-07 3.40E+02

Cumulative fatalities/injuries from traffic impacts

transport femployee TOTAL
IFATALITIES 8.50E-01 4.27E+00 5.12E+00
JINJURIES 1.34E+01 3.40E+02 3.53E+02

CONSTRUCTION ACCIDENTS
rate person-yr

JTRC = 9.75E-02 1.07E+04 = 1043.25
LWC = 2.45E-02 1.07E+04 = 262.15
Fatality = 3.20E-05 1.07E+041= 0.3424

OPERATION ACCIDENTS
rate person-yr

ITRC = 2.20E-02 6.93E+031= 152.46
[LWC = 1.10E-02 6.93E+03J= 76.23
Fatality = 3.20E-05 6.93E+03' = 0.22176

TOTALS
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INJUR I 1.55E+031
FATAL 1 5.68E+00
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TOTAL ALTERNATIVE

RETRIEVAL T_
Waste Transport Jtotal 

Onsite Truck 1.25E+04 Total 1.25E+04

.Construction
Offsite Truck trips/yr km/trip yr total

Iconcrete I 4.80E+02 1.40E+02 2.00E+01 1.34E+06
raw material 4.50E+01 8.00E+02 2.00E+01 7.20E+05

Iequipment I 2.50E+01 1.00E+041 2.00E+01 5.00E+06
miscellaneous I 5.20E+03 1.40E+021 2.00E+01 1.46E+07
borrow (W-314) 1.38E+031 1.00E+01 1.38E+04 Total 2.16E+07

Offsite Rail trips/yr km/trip yr total
Iraw material 1.00E+01 8.00E+02 2.00E+01 1.60E+05
Isteel (W-314) 5.30E+01 8.00E+02 4.24E+04
Icement (W-314) 1.00E+02 1.40E+02 1.40E+04 Total 2.16E+05

VITRIFICATION
Sonstruction tp kintrip total

- Onsite Truck _ _ trips k_/tptoa
borrow p-; 2-AGE+04 1.00E+01 2.80E+05 Total 2.80E+05

Offsite Truck trips km/trip total I
- -- concrete 4,4 j 4i7E+a4t 1.40E+02 2.20E+061

steel 196 1-,24E+0S 8.00E+02 9.68E+05
m~ miscellaneous3.1/cg 292E20421.40E+02 4.09E+06 Total 7.25E+06

.z .Processing
Offsite Truck trips km/trip total

/.6 s I iglassformer/chem . -E+I03 8.00E+02 1!2.98E+061
miscellaneous __1.03E+051 1.40E+02 1.44E+071

. -+ process material B&EsO3-1.40E+02 5.00E+05Total 1.79E+07

Ofite Rail trips km/trip total
3, dpsS ]glassformer/chem 215E+03- 8.00E+02 2.20E+06 Total 2.20E+06

VITRIFIED HLW TRANSPORT
Offsite Rail trips km/trip total

Yucca Mountain .70Et02 2.93E+03 4.98E+05Total 4.98E+05

CLOSURE
Onsite Truck cu yd trip/cu yd km/trip Itotal I

]fill 9.86E+051 1.00E-01 1.00E+01I 9.86E+051
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silt 6.93E+051 1.00E-011 3.00E+01I 2.08E+061
riprap 1.05E+061 1.00E-011 3.20E+01I 3.36E+06

lag/sand 7.93E+05| 1.00E-01 1.00E+01! 7.93E+05
Igrout fill sand IMUST 2.20E+031 1.00E+01 2.20E+04 Total I 7.24E+06

Offsite Truck Itrips Ikm/trip total I I
groutfill cement IMUS 4.63E+021 1.40E+02 6.48E+04JTotal 6.48E+04

Onsite Truck (km) 7.53E+06
Onsite Rail (km) 0.00E+00
Offsite Truck (km) 4.69E+07
Offsite Rail (km) 2.91E+06

EMPLOYEE VEHICLE
Phase 1 person-yr trip/yr km/trip car pool total

Cost. 1.16E+04 2.60E+02 1.40E+02 7.41E-01 3.13E+08
Ops/D&D I 6.77E+03 2.60E+02 1.40E+02 7.41E-01 1.83E+08.

Phase 2
Const. 1.98E+04 2.60E+02 1.AOE+02 7A1E-01 5.34E+08
Ops/D&D 4.91E+04 2.60E+02 1.40E+02 7.41E-01 1.32E+09

- Total 2.35E+09

Distance traveled in population zones

Urban Offsite km zone fraction Onsite TOTALS
Truck 4.69E+07 5.00E-021 2.34E+06
Rail 2.91E+06 5.00E-021 1.46E+05

Suburban
Truck 4.69E+07 5.00E-02 7.53E+06 9.88E+06
Rail 2.91E+06 5.00E-02 1.46E+05

Rural i
Truck 4.69E+07 9.OOE-01 4.22E+07
Rail 2.91E+06 9.00E-01 2.62E+06

Fatalities/Injuries resulting from Truck and Rail transportation accidents
urban km Isuburban km rural km
lItruck rail Itruck frail truck rail
I 2.34E+061 1.46E+05[ 9.88E+061 1.46E+05 4.22E+07 2.62E+06

urban truck fat/km 1 7.50E-091 1.76E-021 I I I
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urban truck in/km I 3.70E-071 8.67E-01 I i I
urban rail fat/km 1.70E-081 2.48E-031
urban rail inj/km 3.30E-08 11 4.81E-03t
sub truck fat.km 1.30E-081 1.28E-01
sub truck inr/km 3.80E-071 3.75E+00
sub rail fat/km 1.70E-081 I 2.48E-031
sub rail injkm 3.30E-08 1 4.81 E-03
rural truck fat/km 5.30E-08 2.23E+001
rural truck lny/km 8.OOE-07 3.37E+01
rural rail fat/km 1.70E-08 4.46E-02
rural rail inj/km 3.30E-08 8.66E-02

TOTAL FATALITIES 2.43E+00
TO'TAL INJURIES 3.84E+01

Fatalities/Injuries resulting from Employee vehicle accidents

km rate/km TOTAL
fatalities 2.35E+09 8.98E-09 2.11E+01
injuries 2.35E+09 7.14E-07 1.68E+03

Cumulative fatalitiesin uries from traffic impacts

transport employee TOTAL
FATALITIES 2.43E+00 2.11E+01 2.36E+01
INJURIES 3.84E+01 1.68E+03 1.72E+03

CONSTRUCTION ACCIDENTS
rate person-yr

TRC = 9.75E-02 3.14E+04 = 3061.5
LWC = 2.45E-02 3.14E+04 = 769.3
Fatality = 3.20E-05 3.14E+04 = 1.00481

OPERATION ACCIDENTS
rate person-yr

TRC = 2.20E-02 5.59E+04 = 1229.141
LWC = 1.10E-02 5.59E+04]= 614.571
Fatality = 3.202-05 5.59E+041= 1.787841

TOTALS
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IINJUR |6.01E+O3I
FATAL 2.64E+01j
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"C LoS- '7,11 tat

EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport total

Onsite Truck I!I11.25E+04
1 II ITotal I 1.25E+04

Construction
Offsite Truck I _trips/yr 1km/trip lyr Itotal I

concrete _ __ 4.80E+021 1.40E+02| 2.OOE+01j 1.34E+06
raw material 4.50E+01I 8.00E+021 2.OOE+01J 7.20E+05J

|equipmenti 2.50E+01 1.00E+041 2.00E+011 5.00E+061
_miscellaneous j 5.20E+03 1.40E+021 2.00E+01I 1.46E+071
steel W-314 I 5.30E+01 8.00E+02 - 4.24E+04
|cement W-314 1.00E+02 1.40E+021 I 1.40E+04 ITotal 2.17E+07

Offsite Rail - Ftrips/yr km/trip lyr Itotal I I
Iraw material 1.00E+01I 8.OE+02 2.00E+01 1.60E+05ITotal I 1.60E+05
raOnsite Truck E I

Iborrow W-314 1.38E+03 1.00E+01I 1.38E+04ITotal I 1.38E+04
VITRIFICATION

Construction
Onsite Truck trips km/trip total

- borrow .- 7:2hmv 1.00E+011 I5.20E+051
I ~ rip I I jTotal 5.20E+05

Offsite Truck trips km/trip total
Iconcrete I 45to4 1.40E+02j 4.06E+061
steel & /Et4 8.OE+02 7.60E+061

imisiillane___I -trips/yr {km/trip yr II
- miscellaneous - ewtgg9 1.40E+02 1.00E+01 7.28E+061

P Total 1.89E+07

Processing
Offsite Truck I trips/yr km/trip Jyr totalI

- assformer/chem /.l9ify 8.OOE+02| 1.95E+01I 3.59E+051
miscellaneous 6- 6a 1.AOE+02J 1.95E+01 1.42E+07 ____

-ITotal I1.46E+07

Offsite Rail ijtrips/yr km/trip yr Jtotal I ___
glassfOrmer/cnem1 M 2 I7k6.8.00E+021 1.95E+01I 4.06E+061

T- ITotal I 4.06E+06

VITRIFIED HLW TRANSPORT I I II
Offtsite Rail trips km/trip total

Yucca Mountain - q.eq o 2.93E+031 4.98E+05
I*I _I_ Total 4.98E+05

CLOSURE
Onsite Truck _ Cu yd Itrip/cu yd km/trip Itotal I I

Ifill NI 9.86E+051 1.00E-011 1.00E+011 9.86E+051 I
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EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport Itotal

Onsite Truck 11.25E+041 I
ITotal I 1.25E+04

Construction I I
Offsite Truck _ _trips/yr 1km/trip yr total I |

lconcrete I _ _ 4.60E+02j 1.40E+021 2.CCE+01J 1.34E+061 I
Jrw material 4.50E+011 8.00E+02 2.OOE+01 7.20E+05j _

equipment | 2.50E+01I 1.00E+04 2.00E+01I 5.OOE+06 1.
miscellaneous I 5.20E+031 1.40E+02 2.OOE+01 I 1.46E+07 .
steel W-314 5.30E+01 I 8.00E+02 4.24E+04
cement W-314 1.00E+021 1.40E+02 1.40E+04 Total 2.17E+07

Offsite Rail I trips/yr jkm/trip yr total I
raw material 1.00E+01I 8.00E+02 2.00E+01 1.60E+05 Total 1.60E+05

Onsite Truck j I
Iborrow W-314 1.38E+031 1.00E+01 1.38E+04Total 1.38E+04

VITRIFICATION
Construction

Onsite Truck jtrips k1/trip totaluborrow - . /1.fO E+01 5.20E+05
I j jITotal 5.20E+05

Offsite Truck trips km/trip I Itotal I
concrete 15oe-oy 1.40E+02 I 4.06E+061
steel I7-* I. e4 8.OOE+02 7.60E+06

I --- F- [trips/yr km/trip |yr EF
- imiscellaneous 5,S' .40E+02 1.00E+01 7.28E+06 1

Total 1.89E+07
_ _ I_ _ _ _ _ _ _ _ _ 1 I I

ProcessingI
.Pfrite Truck I trips/yr .k/rp yr total I

Liglassformer/chem - .65EfoB 3 8.00E+02 1.95E+01 3.59E+05
,miscellaneous .7-. 3| 1AOE+02 1.95E+01 1.42E+07 I

ITotal I 1.46E+07

Offsite Rail . trips/yr - km/trip yr total I
glassformer/chemCn 2-7_+o 8.00E+02J 1.95E+01I 4.06E+061 I
iI________ ITotal 4.06E+06

VITRIFIED HLW TRANSPORT I
Offs}te Rail trips km/trip total

Yucca Mountain - 9.s5c+o2 2.93E+03 4.98E+051

II __ Total 4.98E+05

CLOSURE
Onsite Truck I Icu yd ltrip/cu yd km/trip Itotal I I

Ifill i I 9.86E+051 1.00E-01I 1.00E+01I 9.86E+051 I

Page 1

Sheetl1,d/4/1 -- IS~54 /. t./-- 2 ', II.5~



Sheeti ZI'4) - / 
t.20 i ./ -3 r,

EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport _total I I

Onsite Truck I 1.25E+041 I
IIJII I I__ _ ITotal I 1.25E+04

Construction I I I
Offsite Truck | _trips/yr lkm/trip lyr total

concrete j _ 4.80E+021 1.40E+021 2.00E+01 1.34E+06
)raw material I 4.50E+011 8.00E+021 2.00E+01j 7.20E+051
equipmentl J 2.50E+01I 1.00E+041 2.00E+011 5.00E+061

|miscellaneous 5.20E+031 1.40E+02 2.00E+011 1.46E+07 I
steel W-314 I 5.30E+01I 8.OOE+02| I 4.24E+041
cement W-314 1.00E+02) 1.40E+021 I 1.40E+04)Total I 2.17E+07

Offsite Rail trips/yr jkm/trip lyr _total I
Iraw material 1.00E+01 8.00E+021 2.00E+011 1.60E+05Total J 1.60E+05

- Onsite Truck
iborrow W-314 1.38E+03 1.00E+011 I 1.38E+04jTotal 1.38E+04

VITRIFICATION _ _

Construction
Onsite Truck trips kn/trip total

borrow2ii 1.002+Olj 5.20E+051
Ii___ _Total I 5.20E+05

Offsite Truck I Itrps _ km/trip I {total
concrete 6.5o 1.40E+02 4.06E+06

, steel I . . , 8.00E+02j 7.60E+06
-trips/yrkn/trip Iyr

Imiscellaneous -. SS/bo3 1.40E+02| 1.00E+01- 7.28E+061
__ _I I I jTotal 1.89E+07

Processing -
lffsite Truck j trips/yr - km/trip yr Itotal I I

glassibrmer/chem -a.03,E;o, 8.00E+02 1.95E+011 3.59E+051
--.__miscellaneous T7-g 1.40E+02 1.95E+01 1.42E+071

Total I 1.46E+07

Ofsite Rail . psyr jkm/tip [yr [total I
!glassformer/chem&4 8.00E+021 1.95E+01I 4.06E+061

1:~ Total 4.06E+06

VITRIFIED HLW TRANSPORT
fsIEY MR T S Itrips km/trip ftotal

Yucca Mountain 111 3 2.93E+031 I 4.98E+051
-I -Total I 4.98E+05

CLOSURE - I I
Onsite Truck I jcu yd I trip/cu yd km/trip Itotal I

fill | I 9.86E+05! 1.00E-01[ 1.00E+01 9.86E+051 |

Page 1
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EX SITU INTERMEDIATE SEPARATIONS ALTERNATIVE

RETRIEVAL
Waste Transport total I

Onsite Truck 1.25E+041_
!I I ITotal 1.25E+04

Construction
Offsite Truck 1trips/yr kntrip Jyr total _

concrete I 4.80E+021 1.40E+02| 2.OOE+01 I 1.34E+061
raw material J 4.50E+01 8.00E+02j 2.00E+01 I 7.20E+05j

Jequipmentl 2.50E+01I 1.OOE+04f 2.00E+011 5.OOE+061 |
_miscellaneous I 5.20E+031 1.40E+02 2.00E+011 1.46E+071 I -
steel W-314 | 5.30E+01I 8.00E+02J I 4.24E+041 |
cement W-314 I 1.00E+021 1.40E+021 I 1.40E+04jTotal I 2.17E+07

Offsite Rail I f trips/yr km/trip lyr total I I
Iraw material 1.00E+01 8.00E+02 2.00E+01 1.60E+5Total I 1.60E+05

Onsite Truck I I I
IborrowW-314 1.38E+03 1.00E+01 1.38E+04jTotal 1.38E+04

VITRIFICATION
Construction

Onsite Truck trips km/trip total
iri row /.4hto, I :-e+r4- 1.00E+01 5.20E+05

____I jTotal I 5.20E+05
Ofsite Truck I jtrips Ikm/trip I _total I I

--- Jconcrete 6.45L5'o412.90E+04i 1.40E+021 4.06E+06I
- Jsteel 1.i toqI7 .5OE+O3 8.00E+02| 7.60E+061 I

{ -trips/yr k E/trip yr I
imiscellaneous . Syep -5:-E+03 1.40E+021 1.00E+01 7.28E+061

S1Total 1.89E+07

Processing
J.2 +4,Offsite Truck trips/yr _km/trip yr total

q jglassformer/chem -j-9@+11 8.00E+02 1.95E+01 3.59E+051
I miscellaneous 520F-03 IAOE+02 1.95E+01 1.42E+07

_ _[$7E3 Total 1.46E+07

Offsite Rail | -44,0Jftrips/yr km/trip yr total
jglassformer/cheme' :60E+02 8.00E+02 1.95E+01I 4.06E+06

Y2-'eto - Total 4.06E+06

VITRIFIED HLW TRANSPORT
Offsite Rai__trips km/trip |ttal

.- |Yucca Mountain .t7_0E.L2 2.93E+031 I 4.98E+051
- 1-3 Era I I jTotal 4.98E+05

CLOSURE
Onsite Truck cu yd trip/cu yd Ikm/trip itotal

ill 9.86E+05| 1.00E-01 1.00E+011 9.86E+051 I

Page 1
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Table B.10.0.3 Resour

Resource Phase No Aai
Alte=a1

It

_ _ _ _ __ J

Land. permanendy
committed (hectres)
(Long-term commitment
of radiologically
contaminate Area)

Land. incremental
temporarily commited
(hectares) (area
disturbed during
construction and
operations)

Borrow Pit Disturbed
Area (hectares) based on
an etcavation depth of 3
meters

Water. Total
(cubic meters)

Water. Sanitary
(cubic metzrs)

Energy
Electricity (Gwh)

Gasoline (cubic meters)

Total

Construcdon/
Operation

Closure

Total

Construction/
Operation

Closure

McGee
Ranch

17

0

0

0

N/IA I

Pit 30 N/A

Vernita
Quarry

'Sanitary plus
Raw Water

Total

Construction

Closure

Total

Construction

Operation

Closure

ToW.l

Construction

Operation -

Closure

Total

N/A

1.2E+06

N(R

N/R

1.5E+06

N/A

1.5E+06-

N/A

.E+03

N/A -

1.1E+03

N/A

N/A

COnswrcion N/A

Operation

Closure

N/A

N/A

2 -ESitu
rioa IntermediategRc4d
ive Separations r/

Alternative fj 4 v-r c7&$4/

84

24

21

57

27

1.47E+07

3.6E+O6

3-
*1..

5.0E+05

3.E+06

6..0E+04

1.07E-07

N/R

1.072+07

N/R

9.072+03 -

7.4E+O1 I
9.0E+-03 1
N/R

8.0E+03

7.6E+03

NR

3.9E+02

;.talo &F4o7 3, : ta? 7

£-S35ft. 2// 7 6.

6-Cr a.ocgO

/. t4 I2

ti, rt-cb4

(. 3-t,'oq3

S.4L&ta 0

I1

5?? -

/- 13 t Fq-s /-

-0 7 e' a 3

77.31-/.6a

etasOCflbLcoDtnb4If I
B

-/ -

I.1'7 1 to7

4.4 S3---i0Z

143 jo1

/. 3 tL 0 7q

1. .A .. &I -

5F-0 74 03:
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Table B.10.0.3 Resource u

Phase No Actioj
Alternati1

Lx
InternSituI
Separations
Alterative

I..I

I ~

Diesel (cubic metwrs) fTotl 2.2E +04 .fE+0. i.47+O4 / C0: Ap 0

Construction N/A 2.IE+04

Ocration j.2+ 041 L.2S+03 '7. k3 Lto- D f 4 .2- .. zq6403

Closure N/A 6.62E+04

Kerosene (cubic meters) Operation j /A 5.SE+04 q .. 7 g tosetoS 7. 04

Materuls: Toal N/A 7.29E+05 4 7 feo I/Istt1-4 V.it'ot
Conctete r
(cubic meters) Construction N/A 5.4E+05 6f.41419t' 63 E+o5 *43 C ol

Operation N/A 11.7E+05 L.079E+o4 3 .5 3cto

Closure N/A 1.9E+04

Carbon Steel Total LE+03 1.64E+05 7 3.-WI e-9f eto
(metric tons)

Constrution N/A I.V7E+05 1-7 o 7107 5o /-o'lf-o 6

Operation IE+03 NIR t: .?qEi

Closure 1l9

mness Steel (ml onstruction NIA*~** . t-A4 aA rQ

Haszclloy/tnconel (rmt) Construction 2.3E+03

Glass Formers (mt) Operation N/A 2.94E+05 I. 0 (
Process Chemicals (mt) Operation N/A T.EK5 lsa wt

Bulk sulfur cement Operation N/A
sulfur (mt) 1.30E+05
dicyclopenatdine (mt) 3.4E+03 , I g.os
oligomer (m) 3.4E-03 g

Ion exchange media
(cubic meters)

Borrow Site Silt
(cubic meters)

Borrow Site Sand and
Gravel (cubic meters)

Borrow Site Basalt
(cubic meters)

Asphalt (cubic meters)

Operation

Closure

Tom[

N/A

N/A

N/A

5.26E+05I

1.68E+06

7-a"6 5

_____________ 
II

Construction N/A

Operation N/A

Closur

Closure

Closure

N/A

N/A

3.17E+05-

N/A

1.36E+06

3.05E+05

.7E I

i-i
I__
I_.4

S2 -IF- C S

3.ct Ef 03

Resource

deapcbj-cbdI/

I I

I
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Table 1. 10,0.7 Transporiallon Summary by Tank Waste Alternailve
Alternative Itall Transport, Distance (kmI) Truck Transport, Distance (kil) Employee Vehicle

Onstle OMsite Onsite Offsite flisiance (kn)

No Action N/A N/A N/A N/A 2.811+09

long-Term 0 0 3.241+05 2.28E+07 2.911+09
Management

In Siu Fill and Cap 0 0 5.631+06 1.291+05 7.05E+08

In Situ Vigrification N/A 2.10E+05 6.83E+06 2.271+07 1.321+09

Ex Situ Imermediaje N/A 4:711-+06 779W+06 -Sr52C+07- 2.31:+09Separations -72 /60 e 0 7 ') 1.1?3c 679

li Silu No N/A -7.5811+06- 5;931+06 -4 2 3 1 3 +07 - 1.061+09

lx Situ No N/A 4.33P+06 . t93E+W 4:232+07 1.06E+09Separations ' 1g 0 6 .s- q $93ci'7'
(Calcination)D

l'x Situ Plztcnsive N/A 8.34P-+06 7881:-+06 -5.91+07- 2.196+09
Separations Y- 4. 5 &t-i> ch e./$to lr

I'hased N/A 1.741+05 1.051+06
Implementali
(l'lhase 1)

h'lased N/A 2-7411+06 6-302-+06-
implementation 11..1 c
(Plhase 2)

Notes:
N/A = No Applicable
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Alternative Iall Transport, Distnce (kin) Truck Transport, Distance (kin) Employee Vehicle
Distance (kit)

Ouisite Offsile Ouslie Offsiie

No Action N/A N/A N/A N/A 2.811+09

Lhmg-Term 0 0 3.24C+05 2:28:+07 2.9113+09
Management

i Situ Fill and Cap 0 0 5.636+06 1.291+05 7.05r.+08

In Situ Vitrification N/A 2.101+05 6.83E+06 2.27E+07 1.32E+09

fix Situ Intermediate N/A 49-1 R+06 'h79F.+06 5-521307- 2.31r+09
Separations / -'f fjb'7 /.1 e) /Ole

Ex Situ No N/A 75811+06- 3a +06 4-2-3&+07- 1.062+09
Separations Lz- 67(3- e.t'O76 ( 0, ?;-rQ)
(vitrificallon) 'fM.0

Ex Situ No N/A 4-33Et06 593&-+06- 43F+07 1.06E+09
Separations 1.g5 r-'L7 /0/ 1/o 70 /43 $''
(Calcination)

Ex Situ Extensive N/A -34Ith06 7-.8813+06- 5:M19t 0? ti 4  2.192+09
Separations S.56 YtoC T.86C vt (

Ex SitulIIISitu NIA ~2:36C06 .6155c+06 zIA+14Er+09
Combination 3- 36 Zto C/~.442+09
Phased N/A 1.74E+05 1.05E+06 1.7111+07 4.7613+08
Implementation
(Phase 1)

Phased N/A -2-.74E+06 6 230E*06- -98E+07 1.72E +09
Implementation q7' 7 d 4L 7
(Phase 2)

Noles:
N/A = Not Applicable
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5.10.3 Rail Traffic

Rail traffic volumes would be relatively small for all EIS alternatives, Rnd small impacts
on the rail systems would be expected (Table 5.10.2). The No Action, Long-Term
Management and In Situ Fill and Cap alternatives would involve no rail traffic. The in
Situ Vitrification alternative would involve only 16 rail trips per year for transporting
construction materials and chemicals used during opUratinS to the Site.

The Ex Situ Intermediate Separations alternative would involve an average of 200 rail
trips per year to deliver materials to the Site during construction and operations phases,
and 84 rail trips per year to transport HLW to the nation's HLW repository. From-2019
to 2024, when both waste prnoessing operations and HLW shipments are ongoing,
total rail traffic would be 284 trips per year (24 trips per month).

The Ex Situ No Separations alternative (vitrification) would require 80 rail trips pr year
during construction and operations and 735 rail trips per year tar HLW transport to Me
HLW repository. During the 2017 to 2019 period when operations and HLW shipments
overlap, a total of 815 rail tips per year (68 rail trips per month) would be expected.
The calcination option for the No Separations alternative would Involve 80 trips per year
during construction and operations, 271 HLW shipments per year to the national
repository, and a combined peak (2017 to 2019) of 361 rail trips per year (29 trips per
month).

The Ex Situ Extensive Separations alternative would involve the largest number of rail
trips to the Site dunng construction and operations phases (485 trips per year), but the
smallest number of HLW shipments to the national repository (40 trips per yeat). From

. 2020 to 2024, when both operations and HLW shipments are ongoing, rail trips would
average 525 per year (44 per month). The Ex Situ/in Situ Combination alternative
would require 100 rail trips to the Site during construction and operations and 42 HLW
rail shipments per year to the repository. From 2019 to 2024, when both operations and
HLW shipments are ongoing, rail trips would average 142 per year (12 per month).

Phased Implementation (Phase 1) would involve 20 rail shipments per year to bring
materials onto the Site, but no offsite shipments of HLW. The total Phased
Impilmentation alternative would requIre 108 rail shipments per year during
construction and operations, 83 rail shipments per year to the HLW repository, with a*
peak of 191 rail trips per year (16 rail trips per month) from 2019 to 2028 when both
operations activities and HLW shipments are ongoing.

Rail traffic volumes associated with the capsule alternatives would be minimal. The
Capsules No Action and On-Site Disposal alternatives would Involve no rail traffic. The
Overpack and Ship alternative would involve 6 rail shipments of HLW per year to the
national repository in 2028 and 2029 only. Rail trips associated with the Vitrify With
Tank Waste alternative are included In the rail trips estimated for the tank waste ex situ
alternatives.
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Table 9-7. Transportation in Support of Processing (Units as Indicated).

Norma Opertion
Route location Portland/Seattle
(State mileage) (400 kilometers)

Roadty;pe 'Asphalt
(gravel or asphalt)

Number of trips per year 1

Truck 513
.Train M 637

High-level waste transportation
Route location
(State mileage) 1,330 )

Number of overpack canisters 125 (4)

Number of total trips by train 10 l

Notes:

'Based on yearly loads of glass formers and other cold chemicals. Resins are transported by truck.

'rrans consist of 130-ton railcars with 20 cars per twin.

'Mileage based on travel from Hanford to Yucca Mountain per Table 3-7 (TRW 1995).

Information provided by Hanford Railroad - Transportation.

4Based on 4 canisters placed in a Hanford overpack canister.

'Based on the transportation of 10 multi-purpose canisters by 10 railcars per week from Hanford to
future repository.

For additional information, see Appendix F, and also Jansen, G., 1995, Bacdzp Informarionfor
Data Tables in Eatensiw Separations Alternativ Engineering Data Package,
WHC-SD-WM-DP-129, Rev. 0, Westinghouse Hanford Company, Richland, Washington. -

TRW, 1995, Assessment of Pre-Closre Systen Cost and HealTh and Safey Impacts of Hanford
High-Lewl Waste Vitriication Options on the Civilian Radioactive Waste Management Systan
A00000000-01717-5707-00003, Rev. 0, TRW Environmental Safety Systems, Inc., Vienna, Virginia.
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